‘This Society is not responsible for any statement made or opinion expressed 


The Oradell of the Hackensack WwW ater ‘Company 
_ Moments in F Re: trained and Continuous. Beams by the Method of P Conjugate Point ts. 


By L. and D. B. Am. Soc. C. BE 
Relation of the Ohio River and Its Tributaries to Transportation in the United 


fr 


High Specific Speed Hydraulic Turbines: A Symposium. 
‘Mendes. ‘Epwarp Fr. and H. K. Barrows. 


ae ' - 
Messrs pe BL PARSONS, SADLER, F. THOMAS 
Grorcr Henry BenzEnBerG, Past- PRESIDENT, Am. Soc 
Joacuim Gorscne Giaver, M. Am. Soc. C. E 


“Howes NORCROSS, AM. Soc. 
IAM RotcH, M. A. Soc. C. 


JOSEPH THOMPSON STUART, M. Soe. . C. 5B 


on 
New York, 


D MEMOIRS 
q 
q 
| 
1641 
— 
— 
¥ 
— 


= 


Bh ad For Index to all Papers; ‘the discussion of which is current in Proceedings, 


2 see the ‘second page of the cover, at 


; 


ea” 


4 


— 
— 
— 
— 
— top 
trot 
— 
44 


Idyio- 


THE  ORADELL DAM 


Bg PRESENTED NovEMBER 4, 192, 


| Brey. ai size 000 sg. 64.000 000 


pitt his paper describes a unique type of dam of considerable size designed — 
by the writer in 1911 and ee by the Hackensack Water Company in in erent 22. 


"special conditions found at a particular site, ‘it was not intended to develop 
a type = 


a type of dam which would be applicable to conditions likely to. be found # 


"frequently, 1 nor is it suggested that the type described offers a mend economical ; 
substitute for the usual types: of dam ordinary conditions, 


special eonditions for which, in combination, this design was intended 


__Spillway with maximum height about 20 above the stream bell. 
sal —Maximum possible length of dam between abutments, 4024 ft. 
wood 3. .—Flood flows which would produce a head of 3 ft. over any practicable — 


4. —Firm foundation of hardpan ‘and shale 15 to 45 ft. below the stream — 


_ 5.—Porous helt a nd gravel overlying the d deep firm foundation, with - 
000 intercalated and lenticular masses of stiff dense clay over nett of the 


aif 6.—Impracticability, because of cost, of adopt ing a masonry section of. 


of ‘dam section which might be 


9.—Necessity of holding foundation and toe pressures within lowest pos- 


TRODUCTION 


The Hackensack WwW ater Company, chartered in 1869, is one of the largest 


rivate water companies in the United States. At the time the Oradell Dam 
e a Norr.—This paper is issued before the date set for presentation and 


d in February, 1926, and, when finally closed, the paper, with 


Cons. New York, N.Y. at nevig role. 
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Was constructed it water to forty- eight municipalities or ‘civil divi- 
gions: in Hudson and Bergen Counties, New Jersey, all lying within: the | 
Metropolitan Area | of New York, N. The “most populous of these com- 
_munities were Hoboken, West: Hoboken, West New York, N orth Bergen, 
_ Weehawken, ‘and the Town of Union, “in Hudson County, and Hackensack, 4 
Englewood, Rutherford, and Ridgefield Park, in Bergen County. 
_ According to the 1920 Census, the total population in th the territory 
plied was vas approximately 340 000, of, which about 92% was connected to the 
3 mains of the Company. «it is estimated that ‘this population w will have i in- 
creased to 530 000 by 1940, af of | 
. ‘The daily volume of water delivered for distribution | increased from about 
— 26 000 000 gal. in in 1912 to from 35 000 000 to 36 000 000 gal. in 1918, 1919, and 
1920. It estimated that the water delivered for distribution will have 
to ‘more than 80 000 000 gal. by 1940. ‘From 40 to 45% of the 
3 consumption is, and probably will remain, industrial in character. of 
The supply is taken’ from the Hackensack River at New Milford, N. J, 
st above tide- -water, at which point: the stream has a drainage area of 115 
q. miles. At New Milford the entire ‘supply is filtered through mechanical 
gravity filters and pumped for distribution at heads of 300 and 600° fh pont 
present, the Water Company has two impounding reservoirs. on the 
water- -shed above N lew Milford to regulate the flow and augment the ‘supply 
4 during dry weather. ne necessity for impounding storage is indicated by 
ae a the fact that the natural flow of the Hackensack River at the New Milford ; 
er intake decreases to 10 000 000 gal. per day or less in extremely dry seasons. 
The safe yield of the stream with the present, storage (about 3 900 000 000 


gal.) is estim ated to be 40 000 000 gal. q per day. Prior to the construction. of. 


am the new Oradell Dam, the safe yield was cake 82 000 000 gal. per day, and 
the impounding storage 2 190 000 000 gal. baw ‘bt 

Oradell Dam “creates: a storage” reservoir of 3023 000 000 gal. 
889 000 000 gal. capacity, constructed i in 1906, comprises the total impounding 

“storage of the Water Company on the Hackensack River. ‘The new , dam 

is situated on the main stream just above Oradell, NN. J., from which it takes 

its: name. , The site is only about #2 mile ‘up ‘stream from the New Milford 


Aside from the much smaller Saddle River, the basin of which | 
gt of the Hackensack o n the west, the Hac ckensack River i is the only readily 


available ‘source of water supply for the and rapidly growing 


Since 1903, “the: has maintained a a dam present ‘site 
“Oradell, which originally, was an old r mill of low “elevation (spillway 


crest, 8.60 ft. *). and negligible storage. dy The basin above. the dam was a 


‘swamp quite heavily timbered. - Beginning in the ‘spring. of 1911, the work 
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ob: creating a storage reservoir at Oradell, which had been started ee 190 03 
and then abandoned in favor of the Woodcliff site, \ was resumed. The clearing q 
of the basin was again undertaken and a temporary ‘timber dam, with 
wooden sheet- pile cut- ~off, constructed on the site of the old mill dam, 


‘The crest of this crib dam which was about a ft. above the stream bed (or — 
Elevation 11), created a storage basin of sufficient depth to float a dredge. 
Two suction dredges, one 12, in. and the other 20 in., were constructed on the 


bank of this small basin, a and launched. Between. 1911 and ad 1920, the basin, 
uy p stream from the dam, and below the 11-ft. flow line, was dredged to Ele- — = 


0, the excavated material being used to build up the banks 
in dep ressions, to which i ted 


— Coincidentally with the starting of this work, borings - were made across | 
the valley of the Hackensack River below the temporary crib dam, to deter- 
mine the best site for a ‘permanent dam to to create a reservoir having a flow 

20 ft. above the stream bed. As a result of these borings the location 
ee 15 for the permanent dam ‘was chosen on a line at right angles to the thread 
saa of f the stream and 5 50 to 90 ft. down stream from the curved erib » dam. The a 
4 manent dam 1 was designed in. and its construction was begun in 1920, 
om | at which time the dredging was practically complete. By the close of 19 “4 
a, the spillway section had been built to Elevation 16. The dam was completed 
ConTROLLING THE SELECTION OF THE 
The controlling the of the Oradell Reservoir 
ite was the desire ‘to obtain” ‘a considerable volume of storage in the lower 
a ao aches of the drainage basin, near the intake, at a point sO located that all 
7 . br anches of considerable s size would be tributary to it, thus i insuring ‘the highest 
‘Po e egree of stream regula ion and cor con TO over ood ows. 
‘The selection of any site other than that at Oradell would have 
s - from the drainage basin | tributary to the reservoir, an area of at least 25 
ag: ‘miles, 9996 Of “the total drainage area, Th off from’ this 
thet q. mi es, oF 2% 0: e tota rainage area. he run-of rom is area 
Sor 4 would have been ineffective in replenishing any other reservoir, following 
depletion, a nd the ood flows miles entirely ‘uncontrolled 
ajoins | exept in as regulation could be be effected by the method of operating 
eadily the suction basin and pumping station’ at New Milford. 

ie ei Studies indicated that the cost per 1000000 gal. of developing storage in 


to spe twaq viteb 3600 Oh bosoxe tot Liv. 

ConsiperaTions CoNTROLLING THE SELECTION OF THE Frow- 


ah 


j ool to: us ELEVATION OF ORADELL REsERvoR b notin tox ob 
~ The divide between the Hackensack drainage and that of the Sparkill, a Fibs: 


‘tributary of the Hudson, has an elevation only about 30 ft. ‘above mean sea ee 
5 ft. the 8 datum which is mean high tide. The 


Oradell Reservoir would be no higher than at any other desirable site. 
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10, that ‘the placing of the above 20 


uld necessitate ‘the relocation. of railroads and highways and the purchase — 


of a capacity: sufficient ta pass all ‘extremes of vod 
with a head not exceeding 1 ft. over the ‘spillway crest. In this way it is 


“expected: that ‘troubles due to back- -water and flooding above the 


FLows AND oF Stuice-GaTE AND Sprtway Sections 


of the floods which occur on the Hackensack River is not 


extreme when measured in second-f -feet per square mile. Considerable trouble 


from flooding, however, has been experienced at times of extremely high run-— 


because channel obstructions below the dam at 


‘The ‘New: Milford pumping ‘station is located on an island, the hae of Which, 
is at a general elevation of 10 ft. ati wi meb 


suction basin has been, created by the arms of the 
Stream» between 
station. | ‘The crests 3 of these dams stand at Elevation 4. 93, > that normal 


—. conditions of stream flow the flow line in the suction basin and stream between — 


Oradell and New Milford stands at about 


one ‘occasion, during a period of very high run- -off, the ‘water sur- 


‘| 3 oes the New Milford pumping station rose for a short time to. a Sites 
above the engine-! room floor, which ‘stands at Elevation 10. Following 


- 


Milford were considerably enlarged. and “This 


™ a result of the removal of obstructions and other improvements accom- 
_ plished at this time, it is believed that ‘the water | level below the New Milford 


ae pumping station cannot now rise to an. devatitn exceeding 8 ft., and that 
a the maximum | elevation of back- water at the toe of the Oradell Dam, ? mile 


above the > pumping station, ‘cannot in ‘the future ‘exceed Elevation 12. 25. ‘The 


minimum net head ‘on the sluice- -gates in the Oradell Dam, with 1 ft. over the 
spillway, crest, will, therefore, not be less than 21.00 — 12. .25, or 8.75 


times of. ‘most. extreme flood. 000,000..0 199 tz00 


is believed that the extreme fc flood likely to occur on the Hacken- 
are _ River will not exceed 46 000 000 gal. daily per sq. mile of tributary 
drainage area. ‘Unfortunately, the run- -off data on the Hackensack, which are 


meager, do not afford a basis for determining the extent of the floods oars 


occurred i in the past. This. figure, therefore, i is an estimate. As a basis 


_ for the estimate, a study was made of the recorded flood flows on many streams i 


of similar ‘size in | New J jersey, and in 


‘Table 106 abet) te 
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OR: IKADELL DAM, HACKENSACK WATE 


to of stream. ea of water-shed, | 450d flow, in millions Date of occurrence. 


in square miles. 
4 


-Bamapo, N 
Wanaque, N. J....... 
Rockaway, N. J.. i hen 
 Paulins Kill, N. 
Musoonetcong, N. : j b tao out 
Ramapo, N. J ‘ 160. Sept. 22, 1882 . 
Esopus Creek, N. ov vit ‘Feb. 15, 


| Feb. 6, 1896 


f _ With these figures, a comparative study was made of the Hackensack River 


and the other streams mentioned, and in | almost every case. it w as found 
the drainage basins: of the other streams were steeper and had a more 


-off than that of the ‘Hackensack. oft Je obit duit wolod . 


vid The length of spillway and the number ‘of. sluice-gates were nails. 
“| therefore, to pass a flood of 46 000 000 g al. daily per sq. mile, equivalent to 7 1 


 -sec-ft, per sq. mile, or a total of 8 094 sec-ft., ., with 1-ft. head on the spillway — i 


crest, this flood to be ‘passed when the back- ‘water. against the down- “stream 


a head of 3 ft. on the crest. “The top of the section 


the abutment and wing- -walls were placed 3 3 ft. above 
crest, ith head 0 on the cres crest, and back-. water, on the down- stream n fac 


ood of 75 000 000 gal. 
per day p tile ‘whieh is to in. depth 0 on the drainage 


in hours. is not believed that ‘such a ‘flood can occur, but if it 


“should, it will ‘result i in nothing more serious | an the temporary flooding o: Oo 


certain railroad and unowned lands above the 


In June and Tuly, ioti, thirty- “one test borings, ranging in dépth” 
20 to 45 ft., were made i in the vicinity of the proposed dam. i ae (fae 


contract for the boring called for thirty-one 3-1 -in, borings, by the 
auger, hydraulic, and drive-well process, at points designated by, the writer. 
4 Casings, 3 in. in diameter, were e driven to. impenetrable hard bottom, of hard- “ 
pan, boulder, rock, and ‘samples furnished for every 2 ‘ft. of depth and 
changes in the stratification, “The price for this work was $8 per ft. In addi 
tion, diamond drill ore borings were made, as directed, in. test wells which 
been. driven to. refusal, and « core samples furnished. The diamond, drill 


- Core borings. were made with a. -in. diamond core bit, at.a cost of $8. per ft. 
The contract also called for auger borings to be. made, wherever samples 


“could be obtained When material could not not be with the auger 
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sand was' used. ade only when the ‘auger 


location ‘of the borings, and the stratigraphy disclosed by part of the 


—% bo orings are ‘shown on ‘Fig. = ‘The ‘outlines of the dam shown i in this — 
are, those o: of the original mill jam previously ‘mentioned, the cre crest, elevation 
which was 8.6 Two lines of borings s, 15 ft. apart, with. holds, 


were made entirely across the valley just below the old dam. This was regarded 
ua as the most desirable location for r the new dam because of the surface topos- 


raphy. A. third line of borings was valley about. ‘B75. ft. 


tide at the extreme end of off a depth’ of 


45 ft. below mean high tide at the ‘easterly end. An ift “to nh ult 


masonry dam of the: gravity’ type been lextended. to this 
“foundation, but its ‘cost would have been prohibitive. h The: overlying 
= pervious and of. “unsatisfactory bearing v value, i ‘An earth dam with a 


sheet- pile. off, and a large sluice-gate section for passing ‘flood flows, would 


have | served, but it was considered’ unwise to rely solely upon. sluice- -gates for 


the: discharge of floods, and an earth dam if overtopped would: have been | 

| The purpose of the design adopted was. to. retain the ‘advantages of an an 


arth dam with sluice-gate section and sheet-pile cutroff, and, at the same time, 


insure it against damage from crest, | brs 
000 000.67 To Look zesq Ute oft 
No difficulty was presented by the sluice- -gate, section, which was located 


t the extreme westerly end of the dam, opposite, the main channel, where the 


hardpan ¢ or shale lay reasonably near the surface. The sluice- ‘gate 
= ‘section, therefore, was carried down to a a secure underlying foundation . at all 


sluice- -gate section, from the abutment wall which | 
ay it from the spillway section, was divided into seven equal | bays by concrete 


(as shown by the general. plan, Fig. 2, d the “vertical 


Fig. 3). Each pier was founded ‘on. underlying hardpan. The 
‘the piers was “floored over at Elevation 0 with : a ‘Feinforced 
-conerete ‘slab, pnd ‘a concrete ‘cut-off wall extending from end to end of the 


tice-gate section was extended from ‘the under ‘side of ‘the floor to the hard- 
‘pan, thus affo rding a solid masonry cut- -off the’ full length of the sluice- gate 


section. Above the floor on ‘the line of the cut- off wall were placed the seven 


as “rectangular & shuice-gates, éach 7 by 9 ft. in size, one in ‘each bay.” The sills of 
‘the gates were placed at Elevation 0. Each gate is operated manually from | 


stand ‘seated on the concrete platform or which extends from 


“the bays! qu od ton 


wag tl 
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by a series of borings which approximately paralleled the thread of the stream. 

Sat eel The nature of the foundation as disclosed by the borings was distutbing. i ta 
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Under normal all passing the dam will be passed 


the sluice- “gates. No water will be allowed to flow” “over the e spillway 
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SHOWING STRATIGRAPHY 


Sateen OF PROPOSED ORADELL DAM 
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; ef floor of the concrete envelope and in. the ‘concret of the east arly abutment 


ADELL 


The spillway section, as may be seen from the general plan, Fig. 2, , and the ; 
horizontal and vertical section, Fig. 6, is essentially an earth dam 50 to 90 ft. 
thick at the base. ‘The up-stream face of the embankment was formed the 
existing earth and timber erib dam with its wooden sheet: pile cut-off extending te 
about 20 ft. in o the earth. . . The down-stream face and toe are encased i in a 
reinforced concrete envelope, supported on round each capable of 


ining a load of 20 tons. (See Fig. 6. 


T! 


$q. bar 


Earth Fill 


ay 


the vup-stream edge of the floor of, the | concrete envelope t there is a con- 
tinuous line of interlocking steel sheet- piling which is also carried far into” 
the easterly bank, following along: the face of the easterly concrete abutment. 


These sheet- piles extend to the hardpan. ‘Their tops are embedded. in the | 


"wall with the concrete cut- off wall of tl 1e sluice-gate section, they 


< form a continuous cut-off entirely across the new dam, approximatel on the 

ine of the up- -stream edge. of the conerete envelope. (See Fig. 6.) 

The fill the earth timber rib dam and the concrete 
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it is not against ‘the burrowing animals, nor scouring 


The reinforced concrete envelope, ‘supported on round piles, performs the 


function of a masonry core- -wall by resisting the inroads of burrowing | animals 


n the fill above the steel. sheet- pile cut-off, and also would protect the top and 
ea stream face of the fill against scouring if this section of the dam a 


7% be overtopped, or because of failure promptly to control the sluice- -gates. rade 
Bf a The heads of all round piles are embedded from 1 to : 2 ft. i in the base of 
the conerete envelope, as shown on Fig. 6 ‘: This ties the ] piles and the v whole | 


pe together, giving resistance sliding « and upward thrust 


elo 


eoncrete envelo 


well as support against downward thrust. 
The interlocking s steel sheet- piles of the cut- wall y were e driven to refusal 
pS their tops cut off ‘evenly at Elevation +3. 00 (see Fig. 6), by an 


acetylene torch. Their upper ‘ends, therefore, are embedded in the conerete- 
a envelope toa a depth ‘of 1 to 4 ft. - Reinforcing r rods $i in. square, 4j in., center to. 


center, were placed in the bottom slab of the concrete envelope and bent over 


the tops of the steel sheet- -piles. aes The rods extend back into t the floor slab for a 


distance of thus effecting bond between the steel sheeting: 


and concrete, and that part of this 
+2. 00 and +4.00 ) forms a ‘solid, level, reinforced conerete floor 2 ft, thiek 


across the full length of the spillway section. On this floor, structural steel 


frames, ‘triangular in bape, set up at 10- ft. intervals and secured to thee 

floor by anchor-bolts. ‘The reinforcing rods for the eoncrete overfall or 
2 the spillwa ay secti on Ww ere threaded through the front members of the steel . 

a frames, and when all ate eel was set the inclined facing slabs. were poured, t the 


"structural steel frames being « encased at the same time in concrete ‘counterforts 
2 ft. thick. The horizontal top slab ) forming the ‘spillway crest was not all 


until after the earth fill had been placed opportunity to 


ing top surface of this fill is for a 15 ft. Baek from the 


u up -stream edge of the spillway crest. le tat to 


each panel between ‘counterforts of the spillway a pair of 


ree 
weep- “holes: were placed. through the face ‘of the « concrete envelope at the 
floor léevel. ‘The upper ends of these 2-in. pipes were ‘screened with copper 
mesh, and the acute angle, between the floor and face slabs of the envelope was 
then’ filled with a triangular fillet of graded gravel and sand, _ which 


0 facilitate the drainage, and consolidation. of the fill and, at the 


out the filling mate 
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Papers: 


will noted that a considerable volume of econerete: was saved 


adoption of the type of construction shown, thus lessening: the dead weight. of - 
‘the dam, and also that under the | extreme conditions of loading later descri bed 
_downwa ard pressure i 


is considerably reduced (as compared with the res- 
sures W 1ich have obtaine 


with a 80. id masonry section) by the action 


LAP 
upw ard water pressure on the under side of the face slab. ss 
“The abutment of solid section was, carried down to hard-— 


Its “up-stream end was curve 
for a distance of 


was 3 also’ provided with a 


“4 with a concrete slab for about 90 ft. up stream 


gates and across the full width of the sluice-gate section boll 


7 In order to retain the earth ‘filling back: of | the ‘concrete envelope of the 


approach, to ithe, sluice gues, an 


-off which, is carried to 


Below the toe. of the concrete envelope of the “spillway section, and the 


‘down-stream edge 0 of the sluice-gate section, the stream channel i is paved for a 


of 45 ft. across ‘the full width: of the 


m between abutment 


or apron: is of reinforced conerete. 8 in. thick and. i is turned down 


into the earth for a distance of several feet at its down-stream edge ; 
The concrete envelope was keyed into the 


face of the easterly abutment 

Be and into the face of the dividing wall between the sluice-gate ‘and sp illway 

thus forming expansion joints: at these points. There are no ‘expan-— 

sion joints in ‘the ft. of concrete envelope except at the ends, as 

concrete envelope has been subjected 


pe. 


full water pressure 


to a wide range of temperature ich 
behind it. ° The end joints have opened as much as 3 in. 
No visible cracks hav ve occurred! at intermediate points in the envelope a 


visible leakage | has ‘appeared at any point. 


at ar it. There are 
Spots vi visib 


ORADELL DAM, HACKENSACK WATER 1581 
relieve the face slab from any direct water pressure which might (iim 
a 
1 
of 
; ; i e easterly abutment, also Or solid masonry and similar in form to the 
wes was ex mn Elevation —3.00 and founded on 
7 b. necessary to intercept 
+ Bai 
4 
1 sluice-gates, a, dividing wall was constructed, on a slightly curved sweep, as 
shown in Fig. 2. This wall extends from its junction with the dividing wall — 
between the concrete envelope and the sluice-gate section for about 80 ft. up 
ol y to a depth of 3 ft. below the floor of the 
4 
d, an > 
the 
the 
on 
a 
was 
was 
the odamp 


vith 
‘tongue and grooved joints at 30- tt. intervals. extreme 


Tange of temperature each of these joints has opened about $3 in. od Hin at : 


ly 
‘Rach pile ‘und «the spillway section was ‘driven to sustain 


load of 20 tons as praca by the so- -called Engineering Ne ews formula tor 


"drop-hammer d driving. A As previously ‘stated, all steel ‘sheet- -piles were — 


an ‘concrete was mixed in proportions of 1: 2.5 : 5, and all reinforced con-— 


crete was ‘designed ‘on the basis of the following units: or Brim 
r= 1 


“4 No. cableway ws was used in the construction of the dam. Exeavated material 
was. handled with derricks. All concrete was mixed in a single mechanical 


mixer the banks nearest st which was done, and 


a 


: okt ag Blaw- Knox steel form and form car carrier were used in casting the face 


slab‘o of the -eotierete envelope which was poured 30- ft. ‘sections. The joints 
— made at the ceniter r'of the counterforts in order to secure water- tightness. 
The heavy’ face reinforcement was ‘carried through these joints. The steel 


oF “Two types of pile-driver were used on the work, The round’ and steel a 
_sheot-piles across the full length of the spillway section ‘irs driven by a drop- 

hammer. weighing 2 950 Ib. The other piles we were driven with a double- acting 


steam ‘hamn er suspended from a ‘derrick boom. _ total weight of ‘this 


hammer was 3 5 500 and ‘the: weight of the ram was The 
-, and at a steam pressure | of 60 Ib. per sq. in. the strokes 
Experiments were made on test to of penetration 
Ba stroke to give the same bearing val ue, the dou ble-acting steam hammer 
being, compared with the dro ea under the particular conditions wh hich 
ble 


obtained on this work. The experiments suggested the followin as a 


formula to. all methods of ‘pile: dri g drop 


i” 


1582 ORADELL DAM, HACKENSACK WATER CO. Papers. 
— 
— 
— 
— 
— 
= 
— 
— 
— 
— 
— - 
| 
— 
— ae 
— 
— 
— 
— 
— 
— 
— 


DAM, 


Form CARRIER UsEp IN 


| 
7.—Srezn Form ann nc Face Stan or 


¥ 


QORADELL D » HACKENSACK WATER CO. 


Fic. 9.—Curring Orr Heaps or STEEL SHEET-PiLES, AFTER DRIVING, BY OXY-ACETYLENE 


1 


BUTION OF Back or SPILL SECTION, 


AY 
AMG 


0 


hex 


qon mt 


WATER CO. 


FROM EASTERLY ABUTMENT OF SPILLWAY AND SLUICE- E-GATE 


ORADELL DAM, BEFORE COMPLETION. _ 


3 
of 


+73 


ats ultimate 


it the § 


7 


quod 40 


4 


ORADELL DAM, HACKENSACK W 
in which b 


Ls = the : cafe bearing Vi alue, in pounds per pile 


we ez =the weight of. the ram, in pounds, for drop- hammers and single 


acting steam hammers, and the weight of the ram plus the 
as 


itt 

effective steam pressure for double- acti n 

the length of stroke, i in feet; 

: the penetration, in inches, under the last blows of the hammer ; 


N= ‘number of per minute. 


ae : he constant in the second term of the denominator should be determined 
The average ‘number of piles s driven per day o n the spillway section was 


33 for round pi viles, ‘and 15 for steel sheet-piles. ‘The driving of these piles 


2 months with a crew of 8 men. sao 


As the driving of the steel : 


the tendency of the joints een rab piles to at the 
Peni while held tightly together « at the top, thus causing the piles to get out © 
corrected by the: -oceasional driving of wedge- piles | 


was ‘made on n the ground 


hydraulic ‘fill: back of dhe spillway distributed from 


elevated hopper. construe ted. on the easterly abutment: of the dam adjacent 
a large pile. The filling material Ww as elevated to this hopper by derricks. 


A hose tream was then upon ‘it, by whic h ‘the filling material 


: wai dowr n through a steel pipe having flexible joints, to the desired point | 0 


_ discharge. This operation is shown on Fig. 10. By the construction of proper 
most of the filling material was deposited under water, and all of it was 
a general al view, hud of the ay and 


was completed late in the fall of 1921. slab | was not t cast until 1 1922. 


as A and 5 d 


was made s stable 
A.—The concrete envelope was assumed to have been co: constructed 
u ultimate height (crest elevation, 20 ft. ), and then en subjected to ‘maxi- 


1am flood overtopping its spillway crest by 1 ft. before any ‘of the earth fill” Ae ‘ 
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Ls, 


been made. ‘This condition could have occurred only the con- 
struction period and only in event the dam had been built to its full height — 
a at the first operation. . As’ actually constructed (concrete. envelope and earth 


«fill carried to Elevation 16 and raised later to Elevation 20), nearest 
- bir to Condition A which can be imagined would be that i in which, after 


inner r face of the concrete ‘slab, ‘at. a time wheni water was aes over 

the spillway, thus causing full water pressure against the ‘stab ‘but as con- 


“structed this could not occur without, at the same time, having the benefit 
of the weight of a considerable portion ‘of th the earth fill” on the floor of the 


‘envelope i in resisting overturning. edt Yo artes mon be 


Condition B— same conditions as. to loading as Condition A, were — - 
sumed except. that the resisting moment and downward pressure due to the 
weight of earth on the floor ¢ of ‘the envelope was also taken | into account... 
With one exception which ‘represented a a ‘most extreme condition mot. pos- 
aa to be found save under very exceptional circumstances , during” a 


construction. period, ; the four resultants tested cut the base practically at, the 
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 MOME IN ‘RES STRAINED AND. CONTINUOUS 1 


+ 


the relation the ‘Theorem of Thies and to indicate ie 
application: of this solution to a number of problems ¢ of interest to structural | 


The method i is f first developed for the six simplest p of continuous beams, 


assuming constant. moment of inertia, symmetrical loads, -and freely supported 


ay 


ends. It is then shown how the method can be extended. to problems of 
restrained ends, ‘unsymmetrical | loading, and varying moment of inertia, so as 


to yield | a simple graphic ‘solution for practically any problem involving re 
is shown how the graphic solution can be applied to 
Ny 2 of bending moments, shears, | and. reactions for any given loading, and to the 
construction of influence lines for moving loads, ovbind 
Dhe application of the method is further the graphic solution 


i of F rigid portals and other indeterminate frames; to problems i inv olving t the set- 


supports; and to short-cut determinations of 
in bridge trusses. 


valine 


Practical usefulness and of presentation have the 


considerations. be The essentials of argument, “method, and concept are presented 


_ The proper treatment of restrained and continuous beams is of. clneiie 


increasing’ importance in structural design. Before the general use of reins 
foreed concrete, the application of the Theorem of Three Moments was  nequired 
i  Norm.—Written discussion on this paper will be closed with the January, 1926, Proceed- a. 20. 

y Pp ings. When f finall closed, the paper, with discussion in full, will be published in Traneactions Pe i 


ae paper. of ‘this title was first submitted by Mr. Nishkian and reviewed for the 
ae Society by Mr. Steinman. Mr. Steinman, who had done independent work along By 
es _ lines, suggested that a paper of larger scope and usefulness be undertaken jointly. 


‘to Cons, , Engr. Francisco, 
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MOMENTS IN RESTRAINED AND CONTINUOUS BEAMS 

only in special structures. To- day, concrete buildings and bridges cannot be 


economically designed without 1 a careful analysis of the moments ain the con- — 
inuous beams and slabs. . he present methods of such h analysis, however, are 
i. involved and tedious that most building ordinances have established a rbitrary 2 


coefficients for moments i in a continuous beam. waste of 


1592 


| 


aa he writers are hopeful that an easy method for obtaining moments in con- 
use of arbitrary coefficients, thus 


q he 
= beams w will gradually ‘eliminate the, a 


engineer an opportunity to. exercise his ingenuity and judgment 


toward obtaining maximum efficiency and economy. The use of f prescribed 
coefficients makes the work mechanical ‘and unseientific. Arbitrary 


for continuous beams : as given in most building ordinances result in moments — 


which may be 50% t too small or 60% too larg ge. oh vd 


availability. ‘of simple, . graphic solutions should also 
 inereased use of certain efficient forms of. reinforced concrete 


which come under the classification of “Indeterminate F rames. These struc. 


tered forms have recently | ‘come into extensive use abroad in. response to. eco: 
‘43 nomic conditions which demanded maximum efficiency ; but the development of 


' the «a same class. of structures in the United States appears to have been retarded — 


by a prevailing i impression 1 that ‘the required analysis is involved and tedious. ‘ 

The deterring influence of such an impression is generally. ‘under-estimated. 
‘The methods presented : in this paper should be helpful to the. designer of 


steel structures as well as to the specialist i in reinforced concrete. Of particélar 


interest to the bridge engineer should be the proposal of methods for: the 
expeditious determination of secondary stresses. The tediousness of the stand- 


ard analytical methods has unquestionab Obstacle to the more fre-— 
quent investigation of these stresses in bridges. . This. paper offers some simple 


graphic methods that will | quickly give the secondary stresses" in any members 

Bet f a truss, with sufficient accuracy for practical weijnireaiieuite. ‘The availability 

of ‘such methods" removes the prevailing | excuse for ignoring these important 


elements of struc ‘tural stress, and should ‘be conducive to 


The: notation nomenclature are used throughout this paper, 


R, supports in a “continuous beam. ‘The verticals” through 


points of ‘support are called Reaction Lines, or R- lines adT i 


ad iliw 


ed U and (U- line, at left and ‘at 


interchanging the one- third ne between the U and 


each span). By 


near the R lin 
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‘MOMENTS IN ‘RESTRAINED 


olqacthy line. (For or > unequal moments of inertia, see Fig. 15; for vary 
Ay A = simple-beam moment areas the span, 


respect isi that i is A, is the area of the moinent graph for the applied — 


loading on the span, if were a simple’ beam, Sete. V erticals through 
the centers of gravity of these respective moment areas are éalled | ‘G-lines. 
ki, a or symmetrical loading i in any span, the G- line « heen with the C- line, 


\ 
nit 


Qo 


Lise 


rare 


Fig. 1.—NOTATION REFERENCE DIAGRAM | FOR THE METHOD OF ‘Coxsveate Pornts. 
My 


= = moments at ‘A, By By 


datum line; and i is called the Line c or M- line. The 


the ‘simple- beam moment graphs & A, measured from 


this: datum line, are the resultant bending moments sought. 
U5; By Vjs bos; = points on the « one-third verticals, or U and 


lines in the. Tespective spans. The heights. of these points, for syll- 


Sor loading, equal —— , respectively. (Fo or unsymme 4 


loadi see Fig. 14; for varying moments of see Fig. 22.) 
» 4, = points on the T -lines where these are intersected by the 
straight lines joining the adjacent V points (the: lines, V.- Dy 


as solgunitt owt otni bobivih ad 


ai datem line or closing line of the continuous beam. These are called the nee 


Conjugate Points. The P- “points “are on the left and the Q- -points are on 
the respective spans, 
had 
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ainable om: the preceding one by a simple 


graphic construction ; ‘similarly, consecutive | Q- “points: are ™m mutually 


= 


tile jugate. Commencing at the left end of the continuous beam, the P-points” 


The 
vo tbs are ‘successively located; commencing at the right end, the Q-points are: al 
successively ‘located. Joining the and ints in each by a 
“points; 

straight. line extending to common intersections: over the supports, the 
desired closing line (M- line) is obtained. ati al fn 
, K,; Ty Jy = the. projections on the base line, of the 
and K- -points: are found to be it independent of the loading, and ion 


le therefore they are called the ] Fixed Points of the respective spans. There 


are two in each span: ‘The J+ -point at the left. the K-point at obser 


‘Tight. Under certain ‘conditions spans, the conjugate point 

4 


af 


fr 


BAY) 

terms of the lengths of span and the applied loading. 

solution of céntinuous and | 


The starting point. for, the proposed | graphic 


fa 

a ah restrained beams i isa modified form of the Theorem of Three Moments, wherein - 
- the moment relation is expressed i in terms of the simple-beam moment areas. My 

we The’ corresponding fundamental equation is simpler in form than the usual or a 

expressions, and more ‘convenient for graphic solution. Tespe 

he gt Fag. 2.—Moment Annas IN Two SPANS OF A ConTINUOUS BEAM. an il 
Consider two consecutive spans a continuous beam, as represented in Notw 


Fig. 2 The simple-beam moment graphs, . A, AS are drawn above the the pr 


line in the respective spans. The moments at: the supports, M,, and My 
due to continuity, are laid off on the respective reaction ‘teen, are then’. 

connected by straight lines in each span. These straight lines form a supple- P 
mentary moment graph which must be added, algebraically, to the simple-| beam the 
tbat ‘graphs to give the resultant moments, in the continuous spans. ‘The Telatic 
total moment diagram i in each span then consists of the sum 1 of 1 the M- trapezoid relatic 

(which may be divided into two triangles as indicated) and the 
For the it is assumed that the loading is symmetrical i in each span, 


nig and that the moment of inertia, I, of the beam is constant. . 
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MOMENTS IN RESTRAINED AND CONT TINUOUS BEAMS 


4 A cae way of writing the Equation « of Three Moments is to apply sone « of a 
“the established principles of the well-known Method of Moment Areas, namely: 
angular deflections at the ends of any ‘span are equal: to the 


end reactions produced by loading that span with its moment area, divided b 


iE i. At the common support. (R,, Fig. 2), the two spans must have equal but 


“opposite angular deflections, because the beam is continuous. _ Consequently, — 
the total moment areas in the two spans s (considered as imaginary loadings) 


produce equal but opposite reactions (or a zero combined reaction) 


applying this ‘condition moment areas represented in Fig. 
“observing that the centers of gravity of the M- triangles a are at the respective | Nyi 
one- ‘third points of the spans and that the simple-beam moment areas ar 7 


centered on. spans, ‘the following expression is obtained: 


M, — 


+ 2M) + (il, +2M,)1,=—3 (A, 


(1) is a general expression for ‘the Theorem of Three 


rr) all types of loads such that ‘the simple- beam moment areas center on their 

respective spans, for beams of constant moment of inertia. 


‘After ‘the moment graphs are dian 


‘the correct closing line, or M-line. The latter will serve as a datum — ae 
which the resultant, moment 01 ordinates may be measured. 
Evidently, the correct closing line must s satisfy Equation 
however, an ‘infinite number of lines that will satisfy this equation. Even if a 


‘point, Py is ‘mown as a point through which tl the correct closing line will pass, 


In Fig. 8, let the two M-lines ‘indicated represent ar 


| 
through any given point, P,, and satisfying Equation (1). P, P, be the sec- 
ond) point of intersection of these two lines. From the > geometry | of Fig. 3 and — 

the condition imposed by Equation. it is easy to establish the — 
telations betwee een | the co-ordinates, By Yos of the two points. 
‘relations are found to be expressed by (2) and (3): 


sail Tan = — 8 (ayy + A, 


e derivation of these equations, see the Appendix. ) ont colt 
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“MOMENTS IN RESTR AINED AND CONTINUOU BE. AMS 


Par 
Equation (2) fixes the abscissa relationship of the two points, P, and Tt 
> 
should be noted that the abseissa relationship is independent of the applied 
loading and of the ordinates of the points. Squation det ermines the 1), 
ordinate relationship and | expresses it in terms of the moment areas, A, and A point 


ad AM, ROPE 
1 


If one of the points, is known, Equations (2) (3) ‘suffice to det 


it follows that all passing through aad (1) will | 
the point, Therefore, if the correct closing line passes 
- 


d 
dirbugh. Pi, it will also pass through According gly, Equations (2) and (3) 
‘provide means determining successive points consecutive spans) 


_ through which the correct closing line will pass, after one ‘such point is known. . 


ate ~~ Inspection of these governing equations (Equations (2) and (3)), shows that 
they are symmetrical and that the two points, and P are interchangeable 
; in each equation ; hence the relations between. she) twa points are reversible or 


- mutual. As P and P, are coupled by, a definite, reciprocal relationship, they 


oa 


ae, 


: wot patanabiro 3 aT 9 


of the conjugate. points, and present the following as is probably ‘the ‘simplest 

j To. represent, the influence of the applied loading, _ two points, U and V, are- 


et marked in each span (see Fig, 1). _ These points are located on the one: 


thitd lines, ‘at a height equal to —, that 


interchanging the one-third span segments between the and 


lines” adjacent to each intermediate support, a new vertical is. obtained “neat 
_ the reaction line; this. new vertical is called the transposition | line, or T -line | 


(Fig. (If two consecutive spans ‘are equal, T-line obviously coincides 
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MOMENTS RESTRAINED AND. CONTINUOUS BEAMS 


eno ‘Where the T- line is intersected by ‘the straight line joining the 


points, a new point i is obtained which i is called the T- -point. Thus (Fig. 
‘the line, locates the point, ,the ‘line, locates the 
point, Ty ete. The ‘T-point is a significant point and repres graphi- 


ally, the combined influence of the loadings applied on the two 


spans. the ‘geometry. of the construction, as indicated in Fig. 4, it 


acd ‘eee, that the height of the T- point represents the important function: > 


var q 
new gh, pod 


"After T- -points are the proceeds, as follows: 
ot P, (Fig. 5) be a known point; it is required to find its conjugate point, -- 


Le 

Through P and 2 draw a “pennant diz diagram”, H, (Fig. 5), as 

follows: From ?, draw a line in any direction, intersecting the 


at some point, H,, m H, 

draw a line through T,_ tie Uaine) of the next span 

— in some point, Ry on the line joining B with H,, the required | point, = will © 
y lie. It should be noted that the pennant diagram has its apices on the 1 react -— 
and the one-third lines, and its base passes through the -point. 
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_expresed by Equations (2) and (3). . (For ‘proof, see the Appendix.) nt 


e proposition that this construction satisfies Equations @a anid 
“the following useful corollaries are at once deduced. wo: ks am 


Corollary 1—As the initial line, P,. (Fig. B); of the pennant diagram, 


ae th y 900 


‘mnay be drawn in any “direction; a pennant diagram. starting ‘from P, 


thes initial line from is taken through Ty, the pennant 


‘diagram (Fi ig. 5B) roducts to a straight Tine. ‘Henee, is a straight 


_ Corollary 8. —To save Ray the initial line from P, may be drawn aes 


A 


obo 


4 ils 


ur 

“ape sags 


tion Rantn “(which defines the abscissa icles, it can be used for Toating 
fixed points at the feet of ‘the ordinates of the conjugate points. , (Bee 


n- 


. 
ae _ These four corollaries yield four respective constructions for locating cor 


jugate points. four variations are shown Figs. 6, 8, and 


The construction i indicated i in Fig. ‘8 is apparently the simplest, lll ie 
the fewest new lines, will y ‘used as the preferred method 


througho ut the ‘remainder of this 
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MOMENTS IN RESTRAINED AND CONTINUOUS BEAMS 


conditian: has to to he: ‘as in the construction ‘influence 


~* Some alternative constructions, which may be of interest to the peader, fi 


are indicated in Fig. 10. Instead of the —-lines and their transposition - point, 
the >--lines (or C-lines) are with corresponding 


point, constructions: of Figs. 7, 8; and however, appear to be 

simpler a and of greater general ‘usefulness, arly 
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Fia. 10.—Somr ALTERNATIVE CONSTRUCTIONS FOR ConsUGATE 

4.—APPLICATION OF ‘THE MetHop OF ConsucaTE - 
Fit 
~The foregoing ma 
ia} 
of spans and with | e-beam 1 


an 
“each span centers 0 on thi at span. The case supported ends will: be 


‘taken procedure will be, as as follows (see Fig. 3 1): 

—Represent the continuous beam seale and ‘draw on n 

"moment graph on the assumption that: individual spans are simple heams. 
is now necessary to locate the true. datum line. (or M- line) for the 


right supports. Commencing with the left support as s the first known 
“int Py through which) the M-line must pass, the conjugate point; Pt in the 


Second be found by the method of 8 one of its variations) 


Int the same manner, a point, Py tat 
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method 


in the second span. This: will be repes ed the end 


ut 
is reached. od} of oF ead 
—Beginning at the extreme right support and working to whe another 


+ 
get! conjugate points, ..., Q. Qos can be located: similar manner. 


” —There are now two idle P and Q, in each span, through which the 
= M- Tine or datum line must pass. If each pair ‘ot points, =<; and Q,, P, and 


- Oy P,, and Q, + are connected by a straight line, and this line is extended | 


if 


in each an to the ‘Te eaction Verticals, the broken line thus formed is the 


4 


7 required M- line, or true datum line, A Common intercepts on the intermediate 


Support verticals will check the correctness of the w work. to 
The application to to an actual problem is given in ‘Fig. 11, which is con- 


structed | in accordance with the foregoing the detailed procedu 


4 


being, as follows: 


(11.—THE or oe Points APPLIED A WITH 


‘moment A, ¥ in the 1 


n the 3-1 of each span locate. the such that: made 


Locate the T- line near ‘each intermediate reaction vertical by transpos 


the adjoining one- third span segments. a 
(d) Connect V,-U, and V,- -U,. W here these connecting ent the 
7 fi: 
(e) Draw P, intersecting the R, -vertical at B,, B, al line 
_» intersects B, -U; in. the. point, Py ; 
Draw the ,-vertical at By. Draw B ,-U, line 


n the conjugate point, 
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MOMENTS IN RESTRAINED AND CONTINU 


sul ne (g) T he conjugate points, Q, and Q,, may be located in ‘veil me 
starting at the: other end, Q,, and working toward the left. 


Connect P;- and P,-Q,. ji lf these lines: have common inter- 


cepts on the R wal R-vertic: als, the correctness: of the work! chec ked. bua; 


(i) The broken line last drawn is the’ required ‘closing Tine; de r line, 
4 Vertical intercepts between this datum line and the previously d 
; beam moment graphs represent the bending moments at the respective points 
of the beam. These intercepts are indicated by the areas shaded in ‘Fig. >: 
Ordinates above’ the closing line represent positive bending ‘moments, and 


ordinates below the closing line represent | negative | bending moments. 


should be noted that: ‘the closing line represents the moments of 


tinuity with reversed sign. T his reversal of the M-line about the thon axis” 


is for convenience, permitting direct graphic subtraction of the moments to— 


replace the less « convenient addition that would otherwise be ‘required, 

, — 46) 


the of a is or‘ d of freely supported, 


“ot “free”, , the construction illustrated in Fie. te requires modification because 
th line will no longer pass through the end of the beam. 


ns restraine d end is equiv alent to continuity with an imaginary adjoining — 
= > and z zero sro end moment, M, = =~ & For such condi- 
s, Equation (1), reduces to: ; 


noo so. 


datum line (M- line) must t satisfy this, equation. 
is: easily shown, by the of. Fig 12, that any line satisfying 


quation (6) will pass through the point, U,, on ‘the one- -third vertical near 


Le the fixed end. Consequently, the t true M- line must pass through v. and this — 

oint, there ore, may be used as the initial conjugate point, eA , for ‘the con ‘woe 


ruction of the datum line 


een 


span zero lengtl th, 


anspos 


It follows that for any continuous beam with fixed ends the same procedure 


ay be followed as that given for free ends, ‘except that the initial point must _ 
3, be taken at instead Similarly, if the extreme right en id of 
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lowed in the construction of Fig. 11, except that the, initial conjugate points, 
and are taken at the extreme U-V points (U, and V\respectively), 
instead of at the extreme R#-points. (Rh, and R,, respectively). The resultant 
? bending moments are represented by the vertical intercepts « of the shaded _ s 


assumption ‘that the ends a1 are e fixed. The is is identical that fol- 


ert 


| 
A, 


x 
§0000'Ib. of Uniform load 


ve 
13 —MrrHop OF ConsuaaTE APPLIED TO A WITH 


been assumed that the -beam moment area 
in each span, centered on that span. ‘The modification necessary for _un- 
symmetrical loads will now be |; 


the simple-beam ‘moment are 
span, as will g 


_ centroid of the rasinr area, will be at some distance, gl, instead of — 1, 


the end of the span. (See Fig. 14.) 


reference the method of ‘establishing the simplified Equation of 
Three Moments (as given in Section will show that only modifica- 


_ Equation, (7) is simplified Theorem a Moments 
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MOMENTS IN RESTRAINED AND CONTINUOUS BEAMS | 

the’ construction is a revised of the U-V "points, and is shown in ‘Fig. 


Mark a point, O, at the I height, on the center 1 line: of the 
lines drawn through from the ends of the Span will at 


the required heights U and The remainder of the graphic solution 


x y 


V-line 


wht 


fi 
ond 
4 


: 


por 14.—ConstructTion ror UNSYMMETRICAL LOADING. 


The logie of this construction is almost obvious from a ere 
§ quation: with Equation (1); buta detailed proof i is given ir in the Appendix. 


4 
shall it As ‘a check | on the correctness of the construction, it may be noted Gig. es 
Bes 14) that the ‘two rays; ‘R-U and R-V), drawn from the ‘ends of the st span, must 


Thus far it has been assumed that the continuous beam has the same 


moment of inertia in all the sy spans. If s successive spans have differing values a 
> of I,a slight modification becomes hecessary in the graphic construction. at ee. 


For I. constant; in each span, but not the same value i in successive spans, 
simplified of Three. Moments, Equation (1), takes the form: 


gis. wit 


in which, I, and I, , are the moments of inertia in 1 the respective spans : Tt'may 
4 be ‘noted that: Equation (8) differs from Equation (1) only in the retention - 
of the appropriate value of as a denominator i in each term; if 
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is. satisfied by a slight 


| in the only change’ necessary y in the con- 


struction: is an altered location of the T-line; ; the location of t 


line” is shown in Fig. 15. 


Modified T-line 


G 15.—Construction For U1 
7 
= 
ret tofore, assuming unchanging, m¢ moment of inertia, the T- line has been 
located by transposing the adjoining . ‘one- -third span, segments ; ‘this: — 
was s equivalent to dividing 
‘ 
into two segments inversely, proportional 


unequal moments of inertia, it is now necessary, io divide the same tisiance 


into two segments inversely proportional to the span lengths divided by their — 4 


respective moments of inertia. This: is done, indicated in Fig. 15, by 


ee measuring off (in of opposite directions from any base line) lengths proportional 


and U-lines, respectively; the: intersection of the 
re connecting line with the base line locates the required modified T- line, Tee J 


Except. for ‘this simple ‘modification in the location of, ‘the 7- -lines, the 
graphic. construction heretofore presented. remains unchanged for ‘unequal 


moments of inertia. (For proof, see the Appendix.) go. 
| «Iti is readily seen that this construction for the T-line (Fig. 15) is 
more general and redness to the previous: construction (Fig. 4) as a special 
case when b be mur oad anil th ak arnt a 


"As an alternative to the ‘modified line. ‘method ‘of allowing” for litiequal- 


values of repre ssented in ‘Fig. 15 procedure which will be referred to as the 
Metho od of Transformed Spans, ‘may sometimes be preferred, This procedure 


consists simply i in altering the length scale of ‘some of, the ‘spans in the ‘drawing. y 


he ‘idea is to change | the delineated lengths of the spanis | “suc manner 

as to produce. a _yirtual condition equivalent’ equal moments | of, inertia. 
Taking the value of I of the principal , loaded. span as fa standard, any 


: having ¢ a lower value of T is. lengthened, and any span having a hi her wvelae a 
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; 
te 
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«By 
j 
4 
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a 


as for equal moments of inertia. t of T 
The correctness of this method is founded on on the following principle: If .! 


the Tenth, l, and moment of ‘inertia, of any span are altered 1 in the same 


1 the delineated span lengths, ‘the graphic can proceed = 


‘ratio so as to keep rigidity of the ‘span (represented by” ‘the quotient, 
, unchanged, the ‘Stress ¢ conditions in remaining Spans of 


For examples of of the of transformed spans, 


9 —Artiicanion ‘10 INDETERMINATE FRAMES 


~The foregoing methods established for continuous beams can be app 
to indeterminate frames or bents by regarding the rigidly connected 
_members as spans of a continuous beam. 
*Fig. 16 shows the construction by ‘the ‘Method of ‘Conjugate Points applied 


to o a rectangular portal frame hinged at the bases of the columns. Fig. 1 17 
Z, _ shows- the | construction for a similar frame with columns fixed at their ba ases. 
In this problem the closing line the one-third ‘Points, instea 
of the > ends, of the « outer spans. 
order to illustrate of allowing for the condi- 


tion of unequal moments of inertia, the device of ‘the modified T7’-line is used 


in the construction’ tof Fig. 16, and the device of transformed ‘spans in that of f 
Fig. If ‘the frames “were trapezoidal (sloping columns) instead ree- 
-tangular, constructions given in Figs. 16 and 17 would retin unchanged. 
a. In Figs. 16 16 and 17, the frames and the _ the applied | loading | are ai assumed to. be 
symmetrical ; consequently, the graphic construction needs to be carried ‘bat 
.. for only one side of the structure, as indicated. If the structure | or Joading i is 


ie unsymmetrical, a small secondary correction ‘must be introduced on account of 


the slight lateral displacement, of f the middle span ; this displacement i is equiva- 


lent to a yielding of of the respective supports of the outer spans. Aig Seo 


a indeterminate frames i in n which 1 


‘The construction shown in Fig. 18 introduces a device which’ will be ‘referred 


9 ‘The flexural rigidity of ¢ a ‘member is p 


to if E is 
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restraindd. Tf two or more members: are framed into a single joint, they may 


be replaced, in effect, by a single ‘member having a neigidity' equal to the sum 
of the respective individual rigidities. asl ope Sat +i 


“iy ‘The foregoing principle i is utilized in the: ‘construction of F ig. 18. The 
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in order that its nominal moment of inertia may : be equal to tl the moment of = 


ey 


a inertia of the main span. ‘4 (This i is an application of the device of transformed 


spans. W ith the side-span ‘lengths, Ly thus determined, the « construction 


Fi ig. 18 is identical with the construction heretofore presented - for continuous 7 : 


beams frames. (Compare Fig. 18 with Figs. 16 and 17. 


= 
> = 


_Fia. 17.—MoMENTS IN PoeTan FIxep AT. BASE, BY THE ‘MerHop 


On completion of the construction, the end moments found for the substi- 


equivalent must be resolved or subdivided to give the bending 


moments in the respective component members. The, total ‘end moment, 


Fig 18), must | be divided between the original component members i in direct 


Proportion their. Tespective rigidities, This final resolution bending 


moments is’ ins 18; for the member with free end, the M-line 
goes to the free end; for the member with fixed M-line goes 

construction by tt Composition. of Rigidities has s been explained a at 
because it has many; u y useful, applications its, utilization i in the 
determination of secondary stresses will be given in a subsequent 
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SUMMATION OF RIGIDITIES”’. 


‘the « “common ‘example ‘of a two-span continuous | beam, the foregoing 


{ile PTS 


-eonstructio ns wed the ‘Method of Conjugate Points yield to a materia simpli- 


If the of ‘two- -span continuous beam are free, the end moments 
the values, M,=0 and M,=0.° substituting values in 
8 A, + A, tuiog 


Comparing this with the’ value of Edition it is ‘dbderved 


UL 


that the height of the peak of | closing point, My) i is the hei: 
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SESTRAINED AND CONTINUOUS BEAMS 


of the -point, The is thereby without requiring the location 
{ 


¥ 


, will then locate the required point, MM, 


‘he ends of continuous beam are “fixed” » it easily 
that M,, at the inter 4 


4 


, may be used. 
— S- -point will 


which is identical the value for (Equation (5)) a This substitu- 
Hon may be preferred in application to two- beams. (See 
19, Cases 6-9 and Fig. 20, Cases 14-17. 
Tn “these simplified constructions for two “span beams, corrections 
for ‘unsymmetrical loads» and for unequal moments of inertia are made 
the same manner. as heretofore general 


indicated in Figs. 14 and 15. 
The construction is still further simplified _wh 1en numb er of 


reduced to: one. For a single span beam with th one end restrained, Equa- 


“tio (9) reduces to M (See Fig. 19, a. ) For a 


es with both ends res restrained, Equation (10) reduces to M = — 


‘Fig. 19, Case 3. These two ‘results also ollow. directly from 


established general relation for restrained ends indicated in Fig. 12. 23 
TION TO CasEsS ComMonLy Practice 
Applications of of the the foregoing constructions to the special cases es that occur = 


‘Practice are indicated in a series of diag 


For this case, it the U-V points at their 
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and | 20. are included, covering practically “all conditions 
19 an 20 fol the a 


general: 


4 —on center Tine, measure 


Locate 
as indicated (bce necessary). 
—Draw the as s indicated 


"constant for each span, although successive spans might have different al 


- of I. ‘The Method of Conjugate Points can ; also be applied to the m more general — 


ease of continuous beams 1 with moment of inertia | varying within the individual - 


“spans, as will now be shown. as 


‘If the v: value of J is not constant for the length o of a span, the 1 factor oT 
in itgnations (1), and (8). I Instead, variable vmust be 


- applied te to the individual ordinates of all moment areas. yt 


is a simple matter to divide the ordinates of area by the corre- 
sponding values of the variable, I; the reduced moment graph thus. obtained 


i” 


Referring to Fig. 2, it is is observed that there are ‘three moment areas to be 


‘considered in 1 each span, namely (considering the span, l the left M- triangl 
Ms -triangle), th e right M-triangle (My, -triangle), and the simple-beam moment 
Each of these areas must b be “modified” by dividing its o ordinates 


‘the variable, I, before ‘the analysis can Be applied. as heretofore. “The 


and centroids. of these ‘modified n moment ¢ areas 3 must be used in | writing a new 


» are not in advance, M- -triangles. 


unit ‘height, = -4 wha are considdred“instead of the actual 


angles. Similarly, for convenience of notation, the height of the A, area } ma 


be to reduded to a /mean ordinate of unity 


horizontal locations of the centroid: 


— 
— Pa 
ay 
— 
16 preceain €clions, all equire no Turtner Explanavlon. I 
J order of procedure for each solution is as foll 
— the he ept where other- J 
a 
— 
ine 
5 
— 
= 
nd 
— 
42 
— 
— 
— 
i 
—— 
ptions of height do not affect the 
— 


On dividing the ordinates of these three moment. areas variable, 
hree modified moment areas are obtained for the span. By sv summations, their | 


x ‘re espective mean ordinates and controids are determined. ‘The notation used — 


ane 
Modified M, triangle 

21.—NorTAaTION DIAGRAM FoR VARYING I. 


modified M,-triangle, divided by M 
nean ordinate of modified M, -triangle, = 1; 


4; 
modified M, -triangle, divided by M, 


= mean ordinate of modified A, area, “for modified 


4, = abscissa ratio of the centroid of the modified M,-triangle. (u, 


v, = abscissa 1 ratio of the centroid of the modified M, “triangle. 1, = = 


abscissa Tatio of the centroid of the modified area. (9, 


For the adjoining ‘span, l »» the quantities are 1 are m,, Mey, » fay an 
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=_= 4 we the span is symmetrical in vari iation of section, n=n and wv v. 


ball 


If the applied loading i is also symmetrical, g 


iif Tis through- 


an alternative to the Method of Modified Moment Areas for obtaining 
“the constants, m, n, f, and the si same results ‘may be obtained by 
- Method of Constant = , that is, by dividing the beam into the elements, 4 xy Y 
proportional to the singles values of I. This is easily done by any one e of 
i 
several graphic “methods: that have been published in ¢ connection with the 
analysis of arch. dispenses. with the necessity of dividing all 
moment ‘ordinates by the ~The ordinates of the unmodified moment 
ao areas, measured at the centers of the 42- -divisions, a are then used instead of 
the uniformly ordinates of the modified ‘moment areas. The ne resulting 
values of m, n, f, and u, v, g, should be the same by | either el. dad Betis’ ] 


Following the san same reasoning as for Equations (1), and a more 


RY a, 


general expression of of the’ Theorem of Three Moments may now be written - 

include the case ‘of varying I ; undamental equation takes the form: 


@, +D, M i+ (C, M, D, M,) 1, =—(E, A, A, 


ack 
BATH D; =n, Xv, (= mM, U, yur, Vi: einai 10 


a plibation'' to an y actual roblem, with ing 
if apr catiol y al pre witl the I-variation and loadit 


known, , the numerical values: of. m, n, bi and: u, v,9, are first computed for each | 


1 by a simple tabulation and | summation n of the known vi variables; and the 


E, are then inserted in Equation (12) to obtain the governing 


end Equations and (8) are only special cases of the more general 


Equation (12), as will be found on substituting the » appropriate special values 
the coefficients, » D, and EB. My! neh, mort: 


in 1 exactly the s same manner as heretofore given, if the U, dai -points 
are located with due regard to the changed coefficients in the equation. It is. 
easily” shown that these new coefficients are satisfied if ‘the U, V, and e- points 


are Tocated as follo ows Fig. 22): > ay alt 


rid 
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all U V-lines at the centroids of the modified M- triangles; jer. 


that i is, » locate each U- line ‘wt hac distance, u x 1, from the left end of the fies! 
lovai 


and cach Valine at the 1, of the — Note 


Locate the T-line by dividing the distance between the adjacent U- 7 


lines into two segments inversely to. n, and My 


alently, inversely to; (0, + D,) 14, and + D,) 1 2" 


Dale 


Fic. 


pints at the heights: 


rning — The remainder r of the procedure (for locating the closing line) is identical aa 


“with that heretofore presented. (For proof, : see the Appendix. ast 


= & If the beam and the loading in any span are symmetrical about ei center _ 
Dw: the U and V-points in the span will be symmetrically located at equal — = 


heights. If unsymmetrical ‘conditions obtain, Equation (12) is re- ‘written for 


each ¢ successive pair of spans, at and the new values of the numerical coefficients, 
6, D, and E, are used in locating the ‘new group of ¥) U, and T- -points ; or the mo 
‘ relations indicated in Fig. 22 may be used to locate the U and V- -points. Figs 


Cry ty 


te ‘the special coefficients of Equations (1), (1), and (8) are substituted 
for C, D, and . E in the foregoing rules, the latter will be found to reduce to 


the rules — for the respective special cases. 
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the coefficients in quatic 
_ by any numerical factor, will not affect the construc i sag as ‘the foregoing rules 


involve only ratios, and not absolute values, of the coefficients, 


-13.—Metuop ror Varyinc I TO A NUMERICAL EXAMPLE 


The foregoing method for varying I y will now be illustrated by application — 


| 
| The profile « of ¢ a two- span concrete ‘beam is indicated i in Table 1, “which: also q 
gives the - necessary t tabulations and sumniations. The beam is assumed to be 
divided into sections 1 ft. long, and all variables ‘refer ‘to the mid-points of | 
these sections. the tabulated values, x denotes the abscissas, y the ‘straight 
line ordinates of M- triangles of unit height, and 1 Ya the . the ordinates of the simple- 
_ beam nee areas for A,=1 and A Bs =1 . The respective ordinates divided 


e the ‘ordinates. applied loading is shown in Fig. 23, 


this problem : G 1 66 CF2. 03 Dz F127. 3. 


(c, 4D het 
4 
bo 


i 


2 
pment <x 1200 ft.lb. | Simple beam moment = x12 000 4g 000 
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C, =0. 0289 X 0.376 = 0.0109. ont 


a 


= 0.0359 X 0.885. = 0.0138 


= 0. 0853 0. 500 = teildytas. ylenviver an gal 
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With ‘these coefficients. determined, Equation now be w written 
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ABLE —CALCULATION OF FOR EXAMPLE OF 
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tad Using either the coefficients of this. last equation or the original — 
m,n, f, u,v, 9, the principal points, U, V, T, are located as indicated in Fig. 


~The closing line is then easily obtained, as shown in Fig. 23, , by applying an 
simplified ‘construction of Section 10. Phe! closing ‘passes through the 


ends 
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OF TABULATED Constants: yor ‘CASES OF Varyine I 


For practical use, tables may be constructed evaluating | the constants, 
m, n, f, and U,V, 9; for most conditions, thus expeliting the solution 


— Table 2 is presented for this purpose, and gives the values of m = n and 
u= of symmetrical beams with straight ind parabolic haunches, respec- pt 
2 tively. — Values for intermediate ratios 1 not tabulated - may be > obtained by 
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give values of \ 
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0.444 
0.201 
0.440 
0.209 
0,481 
0.228 
0.426 
0.286 
0.420 
0.248 

0.412 | 
0.268 |. 
0,402 | 
€.286 
» 0.387 
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ustrate the use Table 2, it may y be applied dinecty the problem 


a: = 0.25 5, b = = 0,852), ‘Table 2 | gives 377 with 


ous = 0.0289 


0.376 by the previous calculation) =, = 


tical the ‘value previously ealeulated). the second span (having ‘the 


0.25, b = 0.27), Table 2 gives v, 0. 386 (compared with 


pi Seu R990 ettiog- M ba 


eOouoO0e 
ae 
Cz 
4 
ir 
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vil 
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0.415 | 0.428 | 0.428 | 0.483 
0.831 | 0.808] 0.274) 0.218 
0.412 | 0.419 | 0.425 | 0.420 
0.836 | 0.309 | 0.282 | 0.227 
0.407 | 0.413 | 0.418 | 0.422 
4 0.846 | 0.820 | 0.295 | 0.248 
0.408 | 0.4¢8 0.416 
0.854 | 0.880 | 0.306 | 0.257 
0,398 | 0.404 | 0.408 | 0.411 
| 0-362 | 0.388] 0.316/0.270 
887 | 0.393 | 0.399 | 0.402 | 0.405 
0.898 | 0.871 | 0.350 | 0.828 | 0.286 
q0U 0.20} | C.381 | 0.386 | 0.890 | 0.393 | 0.395 hee 
0.404 | 0.885 | 0.866 | 0.392 | 0.308 
86.30 0-871 | 0.875 | 0.328 | 0.380 | 0.382 
) = 0.80} 0.422 | 0.407 | 0.392 | 0.876 | 0.345 
b= 0,605 0.60 0.351 | 0.853 | 0.854 | 0.355} 0.355 
0.462 | 0.454 | 0.447 0.439 0.424 
b= 1005 1.00 0-383 | 0.883 | 0.333 | 0.338 
7}. 0.500 | 0,500 | 0.500 | 0.500 | 0.500 
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rr Similar tables can easil constructed to. give the values of f and gf for the © 


a 


q 
common conditions of loading. gtalh os i: mnod 


ith such tables, the compu ations - represented Table lin the 
With such tables, the utat 

 ‘enaaal example are dispensed with. The constants, m, n, f, and wu, ¥, 9g, 
be taken from the tables and used directly i the solution shown 
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e 
graphic procedure is indicated in Fig ig. 24,, In. the p pole diagram corre 
to the simple- -beam moment graph of any span, a Tay. drown, 
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respective, end “The sum of the two end. shears” at. 


_ Support gives the corresponding intermediate Teaction. , Horizontals from, the 
division points of the line intersect the load verticals in points of the 


ta the Moment graph is curved, the. outer, rays: of the, pole diagram 


to the terminal tangente in n order to locate the 
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MOMENTS IN RESTR 
elt It ‘ehduld be noted that the pole diagrams for successive spans a 
ve tinuous beam must have the » because the re respective 
‘moment graphs: a1 are re drawn: to the same vertical howe 


Shear R, = Shear for Simple Beam : 


APPLICATION TO Construction or InrLuenceE Lines 


the foregoing methods are applied. to a unit concentration assumed to 


rat 


= acting at successive points on a beam, the successive values of any moment, 

shear, or reaction can be plotted to produce the corresponding influence line. 

Each value of the moment, shear, or reaction is represented by a scaled inter-_ 


: cept in the diagram constructed for the respective’ position of the moving load. | 
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is to be acting at one of its successive ona beam. 


The simple-beam moment graph is a triangle with a vertex, M,, over ‘the 


of load; and the closing line’ is drawn through the points ‘as 


rior 


cated. The height of the closing line « over any ‘support: indicates the value of 
the corresponding ‘end moment, M, or and the vertical intereé pt between 
the -triangle and the closing line at aay, section, xX, gives: 


the ‘resultant moment, Me, ‘a the section. Jy With the vertex, ‘My, as a odie, 
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shears, 8, drawn parallel to ‘the “respective of the 

elosing line i in the! spans yield the shea ars, 8, and in those sp spans. 
of the shears for support give the respective reactions, 


of moment, shear, or reaction is conveniently represented 
a corresponding vertical intercept in the diagram. By plotting the suc- 
cessive values of one of these intercepts under successive positions of the mov- 7 
load, the corresponding influence line is. ebtained. The influence lines. 
i in this 2 manner for an end moment, M,, an intermediate moment, 
Ma, an end ‘shear, S., gee an intermediate reaction, x. are shown in Fig. 25. 4 
is In t ‘the unloaded spans, the outer conjugate points are at zero height, that 
is s, they coincide with their p projections on the base line. _ The projections of 
the conjugate points" on the base line are called fixed points. Tn all spans 
to the left of the loaded span, the closing line passes through the left. fixed 
- points, J; in all spans to the right of the loaded s span, the he closing line passes 
As tl the construction has to be repeated for ‘successive assumed ‘positions - 
,* of the moving load, ‘it is obviously « desirable to reduce t the necessary graphic 
operations to the minimum. ‘Various graphic. constructions for. expediting 
the lovation of the conjugate points for this case” of a single concentrated 
load-are easily, devised. - The principle ‘represented by Fig. 9 can be applied d to 
advantage, ‘because it. dispenses with the necessity of drawing ne new pennant — 
diagrams for successive load positions ; the fixed points are first located, and © 


"these ‘establish the verticals on which the conjugate points: will lie for all 


positions of the ‘moving -load:~ Another useful principle (indicated in Figs. 
16, 17, 18, and 25) i is that, the conjugate points. will always lie on the U and ? 


v -rays (the point, P, R, U,, and the point, Q,, on ) when the 
adjoining spans are ‘unloaded. (That is is true because the rays, U, 
| o are sides of the respective pennant diagrams.) "Hence, it is onl 
“necessary | ts: locate the U and V-points ; the rays drawn to these points from 
the 1 respective ve ends of the span will werner the conjugate > verticals: (through | 
J and K) in the required conjugate points, P P and Q, as indicated in Fig. 25. - 
may also be noted that the vertices, M,, of th the successive moment t triangles | aa 
ing any span will lie on a parabola having the height, - —, at mid-span. tah 


The detailed application of the foregoing to the graphic ‘construction 


lai lines for a continuous beam is shown in Fig. 26. Fig. 26 (a) shows — 
3 the graphic location of the fixed points, J and K, which fix the verticals on 


and 
which the con conjugate points, . and Q, will lie. . Fig. 26 (b), (c), (d) show 
the graphic | location of the closing line for a load position in the first, second, ee 


third spans, respectively. In this construc ction, the G-line is marked at 
one-third the distance from the span center, C, to the load point, 
diagonals: to the horizontal through M, "intersect the G- line at at the required 

heights: of the U- V points ; and rays to ‘the U-V points intersect the 
9 nts, P and Q, which locate te the = 
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successive ‘values of the corresponding intercept over the support, 
Rk, The M, influence line is also the influence line for the end reaction, 


Ry (if the ordinates are divided by | except that the span, l,, the 
ordinates have. to be measured from a different base line, namely, a a diagonal | 
the end | ordinate, ‘Fig. uenc 
In Fig. 26, influence lines for ¢ other or reactions could 
| isily be “plotted from Fig. (b), (c), and (d), using the respective inter- 


cepts a as s indicated i in ‘Fig. 25. — 


The influence diagram for shear or bending moment a at any intenaiediate 


an of the end span, l,, may also be obtained simply by adding a a straight — ade. 
line to the R,- “influence or “elastic curve” (Fig. 26 (f)).* yest ‘ee 


sh — APPLICATION .T0 SETTLEMENT, or Supports 
~The “Method of f Conjugate ‘Points’ can also be applied advantageously 1 to 

involving the settlement or deflection of one or more of a 

continuous or restrained beam moo yaiviggs sodt bas 


Tf the right end of a a span, ss settled more than the left end by an amount, t } 


1, the slope change for the span is aprdeatted by 4, = 


. Similarly, 


t the span, l,, the slope change i is represented by ?, = 7," << hg 
Introducing this. into the analysis by v Equation (1) was 


written, that fundamental equation takes the form of Equation (13), for the 


CM, + 2M) + (My EI, — 
rem of Three 


supports, the « case of constant UF For the case of unequal values: of 


4 
"Equation! takes the: following form, corresponding to Equation (8): 


amy ans MD) =— 


It is observ ed that the left-ha -hand | members of ‘Equations and (14) are 
identical with those of Equations: and (8), respectively. The right- hand 
r members, representing the influence of the deflections, replace the correspond- — 


‘ing members of | Equations (1) and (8) which represented the influence of the — + z 


is. therefore, that the graphic constructions by 


changed form of the load in the cal ions of 


t 
the U, J, and lines remain cunchan ged. SH. bos 


_* See “Continuous Bridges” in, Hool and “Movable jand Long- “Span Steel Bridges 
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method is illustrated in Fig. 98. values” 
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Tt is easily shown that Equations (13) and (14), will be satisfied by 


‘the foregoing constructions, if the height of the “point is made 


OTB 
“flexibility constants” of respective spans, 


1 ay 
by = E T and = — T 


RG 


, the modified T- line i is located (as established 


4 
n Section 7). a dividing the distance between the adjacent U-V lines in the 4 


ratio, e : €,, or in the direct ratio, 


silt 

- Several constructions are available for applying Equation (15) oe fixing a 


the height the’ following methods are ‘submitted: 


hor 


n. his is illustrated, 
in application to an actual in in Fig: 97. to show the respective 
bo an end of the continuous beam is assumed to be freely supported 


and the other end to be fixed. The values of the slope changes, a are scaled 


~ directly from the settlement diagram, as indicated. © 


lt bd: af tl 


—Consraverion or M-LINE FOR SETTLEMENT OF frie 


each T-point directly by laying rg off its height snimmenibed by 


my 


“of the’ angle changes, 
b ty lease gag 


are scaled directly from the settlement diagram, asindicated. 


— 4 
— 
— 
— 
9 
— 
1gnts:. 
— 
— 
— 
— | 
— 
— 
— 
— 


D AND CONTINUOUS BEAMS 


apers, 


MOMENTS: IN RESTRAINED 


change. 


iw ot te 


ii 


$1 — $2) rf 
are in and i in moment of i inertia 


q 


the value of reduces to: 


“in which, 
supports. 
in the settlement diagram, the distance of the intermediate ta 
below such; chords is the value of the relative deflection, The heights 
of the ?T -points may be laid off equal to of d, in 


which the graphic results, from the ‘moments must be multiplied by the 


(This 1 method i is illu illustrated in Fig. 29.) 


7 he 


2 --Bridgh em engineers have felt the need for practical methods of quickly a ascer- 
taining approximate values of “secondary stresses i n trusses, The seatend 
methods of secondary stress analysis is are, at tl the best, long and tedious 3 they 

the formulation and solution of a long string of simultaneous equa-_ 

ie tions, covering the, moment 7 relations at all the panel points ¢ of a structure, — 

: before. the secondary stresses at a. ‘single selected, point ean be determined. 
the secondary stresses a few indicated points sofa , the 
methods yield a a degree of precision which i is not warranted by the 

of the underlying assumptions nor by practical requirements. ale) 

_ The constructions and principles presented in the foregoing Sections can 


ae be applied in devising short-c cut, t, graphic ‘methods for the determination of 


device of spans (as presented Section 8) can be 


4 


-_ 
As 
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results will be suficiently: -accurate*for the usual 
requirements of the: engineer. Three methods for the graphic — 


tion of secondary stresses by points will be presented that 


three successivel increasin de rees, of accurac of results 


WO 4 


mae 


fe =53.0 (5.6) = -297 (Standard Method gives 


- 


C(NEGLECTING WEB MEMBERS). 


inst tn ‘an: an approximate method, neglecting the 


ae members of comparatively small rigidity. i ‘Tt is illustrated in Fig. 29 in 


ae application to the top chord of | a truss, with the ‘influence of ‘the web members ‘oa 


regarded 2 as negligible. known vertical ‘deflections ‘of the panel points 


i plotted in a deflection | diagram. i ‘As the successive members are equal in 
length’ and in moment of inertia, the construction of Section 17, Method ved 
be applied. The deflection of each intermediate: panel point below the 


chord joining ‘the adjacent panel points: is scaled from the deflection diagram 


ae and is plotted as —_ height of the T- -point « on the’ corresponding reaction ee 


| a3 
—i 
1626 
” 
a 4 
a 
ue 9 | 
‘ad 
— 
— 
— 


= the pennant diagrams: these T- -points, 
required conjugate points are located as shown, and the closing line 


through th these conjugate points ‘represents the required secondary bending 
"moments s throughout the length of the chord. . The ends of the ehord: ax are 
assumed to be ‘restrained, which approximates. the. actual condition, so. that 
the M-line passes through. the one-third points of the end members. ‘bho. 


9 > 


= 


=+ 740 (Value by standard 


U, method= +2668) 


= a 


x 


_ 


¥ 


& 
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227540 (Value by standard P atiy ni sd} 


x 
(Drawn any length) (Drawn any length) “(Drawn any length) 
F wa —CONSTRUCTION FOR SECONDARY STRESSES, SECOND METHOD. 
2.—The method takes into account the influence of the contiguous 


web members, but neglects the effect of ‘the unknown moments at the outer > ¢ 


ends of the contiguous members. — It is ‘Pasell'' on a combination of the prin- 


ciples presented i in Sections 7, 9, and 17. Ph is illustrated in Fig. 30 in pore 


cation to a top chord member (6- 8) of a truss. All truss 


the given ‘member are taken into consideration. Their rigidities, — 


their rotations, (determined from a Williot diagram which need 


“The tout’ the left dad of the ‘chord: (6: -8) by 
member, sing the of of the Composition of Rigidities; 
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=e the: rigidity, + tj, - of the equivalent. member i is the s sum of the: rigidities, or, of the 
13 _ component suitelicenl and the value of r,, ,, for the equivalent member is the 
of the values | of r for the component m members. Similarly, the two mem-— 
4 bers meeting the right end of the chord (6- 8) are replaced by a single equivalent — 
member of rigidity, and 1 rotation ‘The chord (6- 8) itself a rigidity, 
‘and ¢ a rotation, “This: chord may now ‘be: considered as the ‘middle span, 


f a three-span.contismous beam, the side spans being formed by the left 
and right “equivalent 1 members”, 1, ‘lis respectively. . The spans, 


may be drawn to any respective lengths. The vilinde of are then ‘plotted 
‘the to give t the -points; the straight lines joining 
these points s locate the points, T and: on the T- lines (which are located 
,and r as Pennant diagr: ams through the two 


the ratios, r, 

"-points give the conjugate points, » through which the required M- line’ 

is drawn. The initial conjugate points, P, and Q,, are taken at the 3- -points 


—The third method also takes into account the contiguous members; 


is illustrated 31 ‘in application to 


‘moment, M, transmitted from the adjoining member would produce an error 


in the results, h numerically _ The diagram 
ach 


end moments which are plotted a as ‘and M M,in the diagram. The 
ie - line is then constructed exactly as in the preceding 1 method (Fig. 30) except | 
that the initial conjugate points, Ah and Q. are taken at the points n ene 


M, and M, . reapectively, as these are known points through which the M- Tine ‘ 


For convenience of comparison, the foregoing solutions (Fi igs. 


29, 30, 31) have been applied to the truss problem | used by C. Vv. von Abo, J un. 


Am, Soe. C. E., in his paper on “Secondary Stresses i in Bridges.” oe The com 


‘a. of. ‘the respective graphic results with those determined by Mr. ‘yon 
Abo, who the standard methods, are noted in | the and indicate 


the following conclusions. _ Ali ot 


.—The first (Fig. 29) furnishes a general idea of 


Pi < the character and magnitude of the secondary stresses in any sclocted chait 
of principal members in a ‘truss, The expressed as a percentage of ‘the 


f member re, range from 1 to 11 per 
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are a maximum. The two secondary stresses: found in Fig. differ from 


respective correct values by less than 8% and 3%; or by | less | th an 2% and — 


38%, respectively, of the g greater secondary 
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"The third graphic: method (Fig. 81) can be to yield as 


may be if the transmitted moments: are known. _in 


for; but’ with the ‘end! ‘moments ‘transmitted by the rmembers 


neglected, the results ‘differ from the correc lues by only 5% and 5%, 
-Tespectively, ‘of the ‘maximum: secondary stress in the adjacent member. 


ov gy practical application, a member (such as 6-8, Fig. 30) in which | maximum = uw 


‘secondary’ ‘stresses may be anticipated (from ¢ onsiderations of: truss form an 


loading) would first be investigated by “Method 2, and the results introduced 


end moments for the ‘members by 
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With s such procedure accurate veges the 


The essential features of this paper are: 
: 1.—The expression: of the three- moment relation in a new, simplified form: 
ie ee concept of conjugate points as a key to the geometrical so ution | 


of the three-moment equation. 


The general graphic construction for conjugate 


4.—The modification for beams with restrained ends. 

_M thods- for treating the case of unequal of inertia. 


methods to the graphic solution of indeterminate 


Extension graphic: method to b beanis: with varying moment of 

of t the method d to. "solution of secondary 


iw The foregoing methods have been devised by the writers as original ‘solu- 
tions of "the respective problems. the resulting constructions would de- 


velop certain points of similarity - ‘to other solutions of the | same eee | is” 


naturally to to be expected. N evertheless, after comparison w with existing litera- 


ture on the ; subject of continuous beams, the writers believe that their principal 
re concepts and constructions are substantially n new and offer sufficient advantages 


_ over previously published methods to justify presentation. 


yy The Method of Conjugate Points, as devised and developed by the writers, is" 
found to have a number of features in common with the older npr of f fixed 7 
of these of been indicated in the pa paper. 


“the : anti of conjugate p points is believed to be of gr greater flexibility Mid oom 


method. embraces the former : as a special cs case, 


rst 
meny, other problems design. ‘thei newer 


_ methods of stress analysis, there i is a consistent trend toward simplification; 
the older, cumbersome, analytical procedures, frequently involving the solu- 


f differential ‘equations, are gradually being superseded by more attractive 


“apethode based on ‘simple geometrical relations. As a contribution. toward this 
this paper is submitted to. the profession. 
* See “Continuous Bridges”, in Hool and. Kinne’s ‘“‘Movable and Long-Span Bridges”, 
New York, 1923; also “Der kontinuierliche Balken”’, by Prof. W. Ritter, Zurich ad, and 
| Methade der Festpunkte”, by Dr. Suter, Berlin (1923. 
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OF THE FORMULAS AND CONSTRUCTIONS 


OF THE METHOD OF CONJUGATE POINTS 


ve This Appendix gives the. demonstrations of the principal working formulas 


and graphic constructions used i in the paper. a It has not been deemed neces- 


¢ sary to include a detailed derivation of the special forms of the Equation of 


— 


‘oo Moments, as the method of writing these equations has been sufficiently oe 


indicated in the _text; moreover, these formulas are easily ¢ checked from the 


expressions for the Theorem of ‘Three Moments, 
The sections o 
—DErIvATION OF THE Govmae avanons FOR 


Two points, P, 
are conjugate points if any M- ine divwn them will 


Equation of Three Moments which defines the true closing line. Consider — a 
any two. lines drawn through such points (Fig. 3). For. the case eof 


‘symmetrical loads constant I, each of ‘ee lines must satisfy 


rom the of Fig. 3 


M, =—J M, X 


A 


these relations in Equation (1): 
This expression reduces to: 


M, = M,— (M, —y,) = 


2 


Substituting these two relations in, n Equation subtracting the 
Py i in setms areas, A, and fe) Ve adt 9 


os 


+ 
— 
|| 
— 
— 
) 
sof | 
= 
of 3 
We 
| 
— 
ro- wo conjugate 
nd 
— 
wit 
ive 
his 
al 
8”, 
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—Proor or THE ConstRucTION For ConsucaTe P oINTS tongi 
; When any three points lie on the e same | straight line, t the height of ‘the 


tenets is the weighted mean of the heights of, the two, outer 
= the weight factor for each height being the horizontal distance between 
two other points. ‘This principle of collinear points ‘wilt be frequently 


utilized in the following demonstrations: cult ‘aa 4 


Applying’ this principle the construction shown in Fig. 4 for, 


3 ‘The | same result may also be written from: the geometry of Fig. 4. Con- 


, sidering the triangles into. which the diagram may be divided | by: the indicated 


it ob vine 


‘+7 


Equation (5) defines the of the T- -point as constructed. 
Applying en same principle to the tens of ‘Fig. 5 » the following ‘relations 


Lv, — +). 
P,, and H,, are collin nears Werf 


a Substituting pee values of h, and h, from Equations (a) and (b) in Equa - 


We 
cancel, 


agrees ‘Equatiqn. (3). Hence the consttuetion, of Fig. 
Bran (2) and ~ which govern the location of the conjugate. points. 
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viel 
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ae We the reversal of the M-diagram about the X-axis, as explained in Section 4. . up ae 
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In that case, the pennant diagram drops to the bad ‘Vie as repre 


Bie these values, Equation (d) reduces 


wid is identical with Equation. (2). This’i is a a check on the constr uction of 
If the. right-hand ‘member of. Equation (1), representing the absolute. or 
 load-term of the Three-Moment is denoted by N, shows” 


that the height of the T-point must be: 


the -points are plotted in accordance with, Buation the foregoing 


pennant diagram construction will give the conjugate points, no ‘matter what 
the value of NV may be. 
— APPLICATION to BEaMs WITH Restrainep 
_ Applying th the principle of collinear points to the construction | of Fig. 12, 


the M-line p passes through oan ts at noise dois 


= 
q 


M, =— 


This. is with Bavation ©. the construction of Fie. 12 satis- 


—Mopirication FOR UnsyMMetricaL Loapina 

¢ 

é 


Substituting Equations (a) and (b in ( (c) 


If the right-hand member of | by N, Equation (d)_ 
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‘Bhis ituletion is identical with Equation (f) of Section 4 of the’ Appendix; 


the Equation of Three Moments is satisfied. 92439 of q 


‘termed 7.—MopiFicaTion FoR Unequat Moments or INERTIA 

The demonstrations for this case are parallel ‘to those given in Sections 
and: 4 of the Appendix for the « case sof constant I. ai ale vi | 


The Equation of Three Moments for this case is is Equation (8) instead. = 


, are as follows: before, from the 


Substituting these relations in Bauation (8): adi dedi 


which replaces Equation (2) for this case. Mo 


i 


Also, from the geometry of Fig toes + witl 


Substituting these two relations in Equation (8) and .then the 


“expressions of Equation (2’ there results : 


‘ich h replaces Equation (3) for this case. ee 


q 


= 


he gr 


he graphic construction conjugate points. 


this modified location, the height of the T- point will be (by the prin: 


v be applied to this new 


wh 
— 
— 
mit 
| 
Uke 
— 
(8) 
— 
Bs! = 
— 
— 
— 

— 

— | 
— — 
— wh 
— 
— — 

om 
— 
— 

Whi 
— 


Papers) MOMENTS IN RESTRAINED AND CONTINUOUS BEAMS _ 


As P,, H, , and B, are collinear: 


As B, P,, and are collinear: 
Le 


ubstituting the values of h, h, Equations (a) in Ec 


qua- 


By Eaustion (2, the terms containing b i int th Equation (d) cancel, leaving: 


ts 

d Appuication to Beas wir aryinG Moment or INERTIA 


or this. case, the Equation of Three oments assumes its most general 


0, M, + D, M,)1, +0, M, +D, MDI, A, 


= 


“A 


Gon - (12) ‘a ‘are parallel) t to the demonstrations given in’ connection with, Equa- 
tions (1) and (8). (Compare 2, 4, and.7 7 of Appendix.) \ 


WwW 


4 My =— 4 M,- 


Substituting these in, Equation 1 (12), results: 


This es to: 
Ther: 


(q+ D,— — 
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M; 


ation | defining the 


and (3°) ‘ar ‘are now to be satisfied, instead of Equations: (2) 


nd (3), b y the graphic ‘construction for conjugate points. a ‘The only changes 
ntroduced in the construction in the more locations of the 


, V, and T -points as shown i in Fig. 92. 


these rear locations, the lieiglits of the Vv points are defined by: 


7 


Ye, 


| 


‘and the resulting height of ie: point will principle of collinear 
oints applied to V,, T, _» and U by 


G 1, +4 (0, 4 + Dy l, U, 


y silt 


The geometrical relations of Fig. 5: may now be’ applied to these new ‘loca-- 
of the T-point and the U- V lines. ‘ 


2x Xin 2 ) 

Hy, are collinear: Ar the wilh the 
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and h, from Equations (a) and (b) in Equa- 
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By ‘Equation (2 "), the terms: b in this Equation @ cancel, 


“This agrees with Equation Therefore, the cor construction of Fig. 5, 
sneiied with the U-V lines and the T-point located in accordance with Fig. 99, 
| std the generalized Equations (2”) and (3”) which prescribe the location 


of the conjugate points, 


Instead o of using the equational coefficients, C, D, and E, the 


my, n, u, and v, and the load constants, f, amas b be used for plotting the aes ae 


py 
tii 
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bag 


de 
h, y the of the simpleteam moment area, and the 


ic 

integrations: extend over the length of the ‘span. 


Hence, by definition: ei doidw , ) 


| 

— 
3") 
near 
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a 


Fr rom these ‘Expressions, the followi ing simple wri tte 


m These relations explain the alternative =e indicated i in Fig. 22 for locat- 
For unsymmetrical, conditions, ‘Fig. 22 indicates how the U-V points 
be located from the O-point by making the height of the latter: 


resulting heights of the U-V points, by this construction, are: 


ot 


‘These values agree with Equation which is a check on the indicated 


17.- ICATION | TO ‘SETTLEMENT or 
ae was shown i in Section 4 of the Appendix that if N denotes the » right- oo 
a Three-Moment Equation for constant I, the equati 
‘construction if: 
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For settlement of suppers, the — of Three Moments is iil by 
(18) ; consequently, f for this case: 


, 
7 
hich ‘hocks Equation (15). 
Foru unequal values of I, it. is s shown i in Section of the ‘Appendix (compar 


‘Equation (5’) with Equation that ‘the of the T 


OF THEO 


‘ 
For this case (settlement ‘of supports, with ‘unequal I (14) 
gives 


B 


“Substituting this value i in there results: 


which aga again _— Equation (15). 


The location of the T’-line for en tof s is ‘conveniently accom- 
plished by applying the the ratio, — += as she shown it in 1 Fi ‘igs. and 38. 
© 
constant this | ratio is identic al with the ratio, - in in Fig 


and if I is also latter ratio to A applied i in Fig. 


the construction shown in Fig. 27 is used, 
n 


which s satis Equation 
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ers. 
‘Hence, the necessary height of the T-point iss 
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RELATION OF THE OHIO RIV ER AND ITS ‘TRIBUTARIES 


TO TRANSPORTATION IN ‘THE UNITED 8T ATES 


The Relation of the Ohio River and Its Tributaries: to 


in 


C. W. Kurz, M. Am. Soc. 0. E 
Relation of the Ohio- -Mississippi — W aterways to Production and 


Ohio River and Ite Tributaries. 
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THE RELATION OF ‘THE OHIO 
AND TO ‘TRANSPORTATION IN IN THE -obst 
By 0. W. Kurz,* M. Aw. Soo. C. E. 
Ohio River extends from the confluence of the Allegheny and the 
“Monongahela | Rivers at Pittsburgh, Pa., to the Mississippi River at Cairo, Ill, =. 
distance of 968 miles. Its varies from less than 900 ft. to nearly thro 
6 000 ft. and its slope from 11} in. per mile in the upper : - reach, to 3 im. per, 110 
The more or less uniformly. changing slope has one break at the Falls of more 
| 
the Ohio (Louisville, Ky.), where there is a low- water drop of 26 : ft. - in a dis- Litt 
tance of 2 miles. ‘The low- -water discharge 1 varies from 1; 100 sec- e-ft. at Pitts: 01 
burgh, , where re the water-shed is 18 970 sq. miles, to 27 500 sec-ft. at the mouth, f- - 
there the w Ww ater-shed is 203 900 sq. miles, and the maximum high- water dis- the ¢ 
charge (estimated) varies from 440 000 sec-ft. at Pittsburgh to 1 500 000 sec- ft. long 
Cairo. The extreme fluctuations of stage at different points along the 1 river (20 ft 
a 4 due to floc ods, and the year in which they occurred, are indicated in Table / posit 
Pittsburgh, Pa | 5.5 | 1907 || Portsmouth, Ohio. 
$s or iginal condition, the 3 river, in addition to the Falls at Louisville, are b 
was” by snags, rocks, and bars. composed of and gravel. Wher 
The minimum depth over bars. at extreme low water was about 1 ft. in in the 


Te upper, and about 2 ft. in the lower, section. In some of the intervening ng pools duly 


the depths. 3 were as. great as 30 ft. In 1825, just 100 years’ ago, the Legislature Unde 
— Kentucky empowered a stock company to construct a canal around the I F alls” and G 


f the Ohio with suitable locks, docks, and basin. It was completed in "1830. equi: 


- ; = In addition to a canal 64 f ft. wide, there wa was a a flight of three locks « of ‘equal a0 
E ale lifts at the western end, each chamber having a a width of 50 ft. and a usable the O 
length of 185 ft. The Federal Government became a stockholder in in this com 
‘pany in | 1826. Tolls | were charged 2 and the project was a profitable one. In § Rtn 

+1874, the Government complete title and tolls were reduced from 50 


A, , Cincinnati, Ohio. 
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Until 1879 work elsewhere on the river limited to the removal 
obstructions and the building o of ' contracting dikes w with a view to securing at 
low-water depth of 3 ft. In this year Congress | authorized the construction — 


of a lock and dam about 5 miles below Pittsburgh, Pent proved ‘to be the 


-canalization | project a depth of 6 ft. and covered a | 


of only: 90 miles. ‘Even as late as 1896, it was limited to the reach 

Marietta, Ohio, 1 v4 miles i in n length. 
As now formulated the. project provides for 


“throughout by the » construction of fifty low- lift dams, each with a a sled alien 
ft. wide and 600 ft. long in the clear. To prevent any increase in flood 
height and to permit open river navigation when the natural depth is 9 ft. or 


"more, , all dams are of the type except the one ‘immediately below 


The main part of which navigation passes 3 when 

“the. dam i is lowered, is known as the navigable pass. ‘Iti is from 600 to 1 000 tt 

long a and consists of a series 0 of wickets or shutters, 3 ft. 9 in. wide and 16 to . 
20 ft long, depending on the lift of the dam, e each supported i in an inclined — 

- position by a prop. - The dam is lowered by 1 means of a derrick- boat, known a as 

a maneuver- -boat, the props being released from their seats one | by one and the 


ove 


wickets lowered so. a8 to lie flush with. the bottom of the river. _ In addition to 


the loe and navigable pass are weirs of different types: for the 


the fifty dams, ‘thirty- eight cand in operation, and the 


on two work of a preliminary only has been done. 
from Pittsburgh to Cincinnati, Ohio, will be completed i in 1925 and the last ae 
should be in the season 1929. Tong” con 


built within coffer-dams, to hold out the river a » of 16 ft. 
When the river rises above this stage, work must be suspended until the sea 
subsides. With this limitation, the working season rarely exceeds 5 ‘months— 
d uly to November, inclusive—and sometimes is: as ‘short as 100 working days. EP 
‘Under’ normal conditions, 4 years are required for the construction of a lock 
7 dam; and, in the lower ri river where th the ¢ are longer, 5 years” will 
Tributaries—In Table 2 are listed the principal navigable tributaries of 
the Ohio with information that tends to show their relative magnitude and ei: 
nature of the improvements made to date. © Navigable sections of those rivers” 
“not now connected with the Obio are are not included in. Table Qs An ‘exception — . 
to this ‘rule i is made in the case of the Cumberland River, the canalized part 
of which will not have a 12-months connection with the Ohio until Dam 
River, is completed. On the Allegheny, Big Sandy,’ Cumberland, 
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RELATION OF ‘THE OHIO RIVER TO ‘TRANSPORTATION 


and ‘Tennessee Rivers, where authorized projects are incomplete, y the 
completed. sections: at ‘the lower end: bow 


i >The lack of uniformity. in lock lie partly ac scounted for by the 
fact that on five of these tributaries, the canalization projects were first cunder-- 


; taken by the States or by private capital and “subsequently acquired. or taken 
over by the Federal Government, but even where not thus hampered, there 


was an apparent failure on the part. a the Government. to ‘standardize lock — 
dimensions to the extent that now seems desirable. 


oT TABLE —Principan IGABLE TRIBUTARIES (OF THE Onto River. 


Drainage area, || 
i iles. 
1 


>. 


wali uflaniuizo 


section. 


in miles, 


Low-water 


discharge, i 


pact 


second-feet. 


Length eanalized, 


in feet, canalized 


Number of da 


Project depth, 


= 


Locks Nos. 2 and Slightly 

This assumes comy letion 

new Locks and Dams 

Nos. 7 and | 
bp uilt to replace o Os. 

by = and 9. Locks Nos. 1 


ae 
% 


ti, 
Monongahela .... 

7 160 |Lock No. 1 is 56 by 860 ft. 
Little Kanawha.| | 22.7 by 125 
by 818 


18 000 7 85. 5 by 187. tary. River, a tribu- 


Tennessee .,.....| 40 569 | by 


to 6 have double 
chambers. At Lock No. 


* One lock and lateral canal, 8 miles long. 
Table 3 shows the first cost of the existing river improvement projects in_ 


_ the Ohio Basin and tl the cost of f operation a: and maintenance. in the case of ‘the 


Nos. and: 8, now under construction, to replace old ‘Locks and 
Nos, 1, 8, and i. In other cs cases the ec cost | is the historical cost as shown by the © 
Reports of the Chief of Engineers, U.S. Army. costs of operation 
maintenance are compiled i in a similar manner. In Column (4) 
3 is shown the cost per mile and, in Column interest on the first 


“cost at 4 per cent. cent. ‘Column’ shows ‘the total charges and Column @ 


Table 4 for ho Ohio “for the ‘es listec 
com ymerce for _eertain selected ed years as taken from ‘the Annual Reports of the 
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‘Chief. of Engineers, U. 8. Abit. 


Bes of water-borne commerce on the Ohio, and 1913 as typical of conditions 2 7 
just” Prior to the World War. Present conditions are shown by the tonnage 
reported for the calendar 5 year 1924, , and | by the a average for the period -1919- 24, — 


inclusive. The approximate ton- -mileage i in , the fixed charges ‘per ton- 


mile, | and the cost: of ‘Imaintenance and operation per ton-mile are aleo | shown. 


AL 


‘The year 1900 was selected as marking the 


qin 
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TABLE 3.—Ounto RIVER AND THE CANALIZED Parts oF Its 


Allegheny..... ¥ 
Monongahela 


Littie anawha... 


from) 
mouth to Lock “th 
Dam No, 9.. 
‘Tennessee below 
Ala...) 


net 


Jad 


_.| Interest 


operation 

charges 

Column 
maintenance per 
average for Column (6). 


on first 
cost at 4%. 


$6 120 000 
198 $20 
1 729 980 
774 


136 080 | 
185 500 


206 640 


t 


HOG Teg tom 


TABLE 4 —CoMMERCE | ON THE Riv ER AND ON Parts or Its ‘TRIBUTARIES 


4 


Tonnage, Tonnage, 


1900. 19138, 
| 


14 054 000 
1 611 108 
7 000 000 

78 595 
489 
1 475 930 
800 000 

106 836 
1 190 756 

696-806 

tnnessee, below, | 


Florence, Ala.. 
ciel 


et 


cas 


Average 


— 
“1924 
| iti 


8 446 322 
4 389 511 
21 878 815 
152 012 
951 
069 
497 
195 872 
916 
700 


255 436 | 


DirecT.y Connectep THEREWITH (Excusive or FLoaTep TiMBER). 


Cost’ of 


eharges, [nance and 4 

|in mills per operation, 
ton-mile. | mills per — 


| 


tonnage, 
1919-24, 
inclusive. 
dia 


7 416 119 |978 421 930 
85 870 800 | 
919 564 942 
000 
378'580 
064 140 
450 780 
40 521 667 


949 200 
59 202 500 


Cm 


Strictly speaking this commerce is ‘not all applicable. to the | sections of the 


ani Seng 


rivers listed in the Table 4, as, in some cases where separation was ‘impossible, a 
‘it includes | all the commerce reported for the entire river, but the error r thus 
introduced is not large. The tonnage reported for ‘recent years is exclusive of 


timber and ‘timber products. For earlier years such onnag 


- RELATION D RIVER TO 1 
— 
= 
cen 
968 | $103 000 000 | $106 350 | $4 120 000 | $2 000 000 $6 320 
|” 446 000 |” 60 200 | B40 8075 
tly 181 | 18 612 000 | 108 900 | 544 480 200 
88 «8 580 000 | 700 | 148 200 166 160 309 860 | 3 515 
eing | 512 000 | 26500} 60 480 34707} 95187| 1731 
Nos. Kentucky.........| 260 | 4 266 000 400) 170 640 | 284 B41 | 405 181. | 
ee. | 670 428 | 8100/26 817 | 108 
7174000} 21544; 286960; 105086) 391996| 
s on 
ribu- 
ts in ga 159 530 85 
On GK 416 804 
B 172 408 
£0) 
1, the 
ewasnot 
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RELATION OF THE OHIO. FO CUANSPORTATION 


separately reported. © The amounts listed include sand: and gravel much of 
which | is ‘transported for very. distances. To show the nature of the 


* traffic, the reported ind for 1924 has been divided: into four groups: Coal, 


sand and gravel, other | bulk freight, and package freight, as given. i in Table 5 


TABLE 5.—ReEporTED OF CoMMODITIES ON THE Omo RIveR AND 
on Parts or Its Trrpuraries 1n 1924. 


17-749: 150 686 122 
bord 8 202 
a Little Kanawha. 
Kanawha 
Green 804 085 


ct 


8 696 037 


a 


25 it will be seen that ‘th is. primarily a 


Decrease i in onnage. —The g decrease in on Ohio 
_ standing the: improved navigation facilities is due i in large measure to a 


. aaa in the place of marketing the coal mined ix in the e river mines of the 


- Monongahela Valley. In 1901, 3 200 000 tons of coal from such mines were 


ay shipped by water to points on. the Lower Ohio River. tr None is shipped to-day 


‘ The recorded decrease is also due ) in part to the greater care that is now 
exercised to prevent duplication i in the collection of statistics. ‘Some years 

ia it. was the practice on some rivers to arrive at the total tonnage by a summa: 
tion of the tonnage passing each lock. However, even with such “errors 
eliminated, there has been on some of ‘the rivers in ‘this Basin an actual reduc 
a. tion in the amount of water- borne commerce. | A marked exception to this 
general rule. is the ‘Monongahela River, on which the | commerce has increased | 


gaat ~~ from, 7 000 000 tons in 1900, ‘to “19 039 175 tons in 1918, “and. to an average of | 


o os 19 558 000 tons during the past six years. The Allegheny River also shows a 
a os a” increase, largely i in . sand and gravel which made up _— of its traffic in 1924, 


ts brought to attention of the Society i in 1915 inia: paper. by W. WwW. Harts 
Mw Am. Soc. 0. E., entitled “Rivers and Railroads in the United States” 


ue Many reasons for the decline are set forth in that paper and in the voluminou 


“Am. Soe. C. B., Vol. LXXIX (1915), p. 
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| 
OF THE OHIO River to! 
Among the discussors was H. urgess, 
* * the more favorable freight" rate charged by railroads on any 
portion of their lines for which oong, is a competing enter route. The result. 
of the lower" rates for towns connected by a water route is that Snland’ boa 
_ must pay a | portion of the rail transportation charge on freight received by | 
ite: towns. These latter therefore, receive the superior facilities offered by 
the rail route over carriage by water at practically what such freight would 
cost if carried by boat, and these superior facilities are obtained at the expense 


In th le same . H. Bernhard, Assoc. M. Am. Soe. CG. E., after” 


‘shaleing a series of comparisons between syail rates « on lines w with and without | 


“Although | rebates are forbidden by State or 
grant them quite as much to-day as at any time in the past, the ra aittinc, 
| tion being that formerly they were granted to individuals surreptitiously, and 


“now they are granted to cities and towns openly; the former became ‘illegal, 
| the latter is legalized. These rebates’ arise from the 1 ‘unjust practice of rail- 


71 721 an 


K 
Evansville, 


== 
KANAWHA District. DIsTRICT, OxI0 No. 8 
As | $6 | £8 | 
45 | 145 | 139 58 
Dayton. Ohio..... 214 79% 188 .47 
Toledo, Ohio 9.19 189 
Indianapolis, Ind. 6. 4 227 
Terre Haute, Ind. 6.26 | | 262 47 
a an Wayne, Ind. 8.43 g 220 
e Seymour, Ind.... 
h er rors South Bend. Ind.. 884 
al redue- Chicago. Ill 6.60 
hi Peoria, Ill........... 7.01 
nereasel 
erage of 


ob: To determine to what extent this practice prevails i in ‘the Ohio Rew Basin, 
9 


isting rail rate tables have been examined and the results which are sum-— 


‘marized i in “Tables 6,7, and 8, are platted on Figs. pi 8 s and 3. “On Fig. lis 


— 
apers 
ch 
ft — 
Coa 
ble 
— 
RA 
la? | 
ight. 
>] - 
— 
* 
=. 
bject was | 
NV. Harts, 
States" 
q 


Papers. 


coal rates from bituminous coal fields to points” with and» 


without river competition. = © curve representing a rate | of 4. 5 mills per ton- 


mile plus $1. 00 per ton, may be taken as the meal . The short hauls. are com- ; 


parisons between tay, rates in the valley of the Minontabele which is canal- 


RAIL RATES ON COAL. 
and without Ohio River Competition. From 
Ohio No. 8 2, and Kanawha Coal ields 


Rates indicating 
M-Cities on Canalized Monongahela 
« Allegheny above Canalization 3 


a 
4 


Rates on Lake 


+ 


— 


favor of points with water competition, the average 


difference being 7 mills per ton- mile, In the longer hauls no such discrim- 
ee ination is apparent except on hauls from Pittsburgh to Louisville and to 
Jeffersonville, Ind. On, the same diagram, as a matter of general interest, 
Tine j is drawn ‘representing the rates on coal froma number of bituminous coal 


to Lake ports for re- -shipment bh 
a 
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RELATION: OF THE OHIO RIVER TRANSPORTATION 
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te ‘to atat Finsr- CLass Rate. 


AP 


Cincinnati, 0 Ohio, to: \Distance, 


— 

Columbus, 
Cleveland, Ohio. 
Toledo, Ohio . 

Chicago, M.. 

Indianapolis, Ind 


in 


Cents 


per ton. 


170 


Birmingham, Ala. ....... 


; Terre Haute, Ind 


Atlanta. Ga. 488 
311 


Louisville, Ky 

Cairo, 
St. Louis, Mo.. 

Memphis, Tenn.. 

New Orleans, La. ... 
Kansas Cit 

Nashville, 


Chattanooga, Tess. 


Knoxville, Ky. ........... 


Jackson, Miss. ........... 


. Meridian, Miss. . 
Hattiesburg, Miss 
Montgomery, Ala 
Mobile, Ala.... 
Atlanta, Ga. 


Louisville. Ky.. 
Evansville, Ind.......... 
Memphis, Tenn 
Vicksburg, Miss. 

New Orleans, La 


Kansas City, Mo. ........ 
— Iowa 


‘Detroit, Mich. 
Chicago, Ill 

Columbus, Ohio 

Indianapolis, Ind 

Terre Haute, Ind.. 
Fort Wayne, Ind... 


Logansport, Ind. | 


se 


Meridian, Miss... 
Hattiesburg, Miss... 
Montgomery, Ala... 


Atlanta, Ga.. 
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On Fig. 2 a series of fifth-class rates (bulk products, carload lots) from 
Pittsburgh | and from Cincinnati to points with and without water compe- — 


tition, have been platted. The results show that for points in Central F —— 


i River, 


seat 


7 
al- | per to i 
_ Huntington, W. Va. 107 30 = 400 
1-700 | 1 410° | 1 \¢ 
B 240 | 20.0 
le, Tenn = 178 5 | 85.0 | 
average 
iscrim- 
erest, § fat ts, on the west by the Mississi —— 


an 


Ren Pap 
= and on the east by al line drawn from Buffalo, N. Y,, to Pittsburgh), # the rates An 

. A "are based on mileage, ‘and no difference i is noted between rates to inland | points: : sam 
and-to points on the Ohio. The rates to many points south of the Ohio, >, the 


ever, are noticeably higher, and some distinction is made between inland points 


er, , such as Memphis, Tenn., Vic sburg, Miss., 
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Fig ig. 8 ax are platted of rail rates ‘on finished steel from 
ittsburgh. Central Freight Association territory such products i betwe 
fifth-class rates. In territory ‘south of the Ohio, ‘they move under a com 


modity. rate | which is not only much less than fifth-class rates in that t territory, 2 uy Cc 

but is s practically uniform with fifth-class rates in Central Freight . Association 9 the e 

territory. The rates indicated on Fig. 3 show no distinction between ‘inland us 

points and points having water competition, - of the 

is ‘a considerable movement of coal from the West Virginia a coal lim 

fie ds through’ Cincinnati to ‘points ‘Indiana. Some of this coal comes in Water 
a iby rail and is turned over to anot i 
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the coal coming in by an lower the rates on the coal 

in by river, other conditions being identical. This in favor of 

the all-rail movement to Indianapolis, Ind., is hued 183 cents per ton and it 

TABLE 8.—R AILROAD Rates on FinisHep STEEL ApriL, 1925. 


in miles. | Gents, per | 
Louisville, Ky 
Evansville, Ind.. 
Cairo, Til 
Memphis, Tenn 


Orlenns, 


St. Louis, Mo 


= Logansport, Ind 


| 


649 50 


Kansas City, Mo.. 
Dubuque, Iowa.. 
Paul, Minn 
Cleveland, Ohio 
Detroit, Mich.... 


Chicago, Ill.. 


Columbus, Obi 
Indianapolis, Ind. 
Terre Haute, Ind. 

Fort Wayne, Ind.... 


Peoria, Il} 


— 


Birmingham, Ala 


Chattanooga, Tenn 


Jackson, Miss 985 


With the exceptions noted, the results of the investigation seem to jastity 


the general statement that in ‘the movement of coal and structural steel ms 


- the Ohio River ‘Basin, the existing rail-r rate structure does n not discriminate 
between points having ng water competition a and poin nts that are without 


of Transportation by Water, Ohio Rwer System 
the economic advisability of ‘creating an inland waterway or i in 1 measuring 


b its usefulness as a part of the country’s general, transportation system, one 


of the most important. factors and one concerning which available information y 


is limited is the cost of water haulage, » that is, the cost of transportation by 
Water exclusive of fixed charges. This cost is subject to the combined influence — 


many factors, among which may be be listed: bedi 
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TO TRANSPORTAT 


(a) The physical characteristics of ‘the waterway, which 


rivers the more important are the size of the locks and the depth and width : 


RATES ON ‘STEEL 


| 


ohh ‘sana, 

ie 

bal 


q 
bank 
ONE 
# © 
oO } 


x oF 


j 


industrial contract industrial, and common carrier. 


Type of floating plant As more than 98% of the tonnage on the 
and its tributaries is cartied « on bates, open or decked, no consideration 


will be given to & movement of freight ‘packet- boats or other self- propelled 


Annual v volume of tonnage: The volume of handled annually 


and the plant performance.” On the River, with its large” 


volume of tonnage, a standard tow consists of 81 six barges, each approximately 175 
ft. long and 26 ft. w of 1000 tons, These bares 


through a a standard River lock such a tow must be two 
parts,” * On the Ohio a fleet of eight such barges with towboat can pass throu 


locks. with twelve to fourteen barges are not ‘infrequent on the 
Vidic ees he mouth of the Kanawha River atid Cincinnati , and formerly 


Back : Very little ‘freight i is ‘available as ‘back haul that can be 


ca arried on used fc the coal, sand, and gravel. Where 
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RELA ATION OF THE OHIO. RIVER | TO TRANSPORTATION | 


- back- haul traffic i is available. the costs of transportation are from 60 to 659 
of those without back haul. ‘To bag 
9) Length of haul: “This” ‘the estment per ton- 

(h) Co-or ordination of terminal and transportation services: This factor 
gives privat e industrial operation an advantage r contract 
carrier and results in lower cost, 
a discussion of the paper by William M. Black, M 
GE . » entitled “ ‘Waterways and Railway Equivalents”, * ©. I. Grimm, , Assoc. 7 “Sag 
Am. Soe, C. E., analyzed} waterway haulage « cos to the 
Ohio, and reached the conclusion that 2.5 mills per r ton-mile was a a fair measure 
of the cost under t the followi ing conditions: 250-mile haul, no back haul, 6 3 OO0-- 
cargoes i in 1000- ton barges, river, large > tonnage, and 
The principal users of the Monongahela River have kept 
cost records for a number of years. T hese records were furnished 
to the office of which | the speaker is is in charge and, together with t 
analysis ‘made by Mr. Grimm, have been made the basis of the water haulage a 
shown on Fig. 4. These costs are based primarily | on ‘tonnage 


rates by rail and water are, however, not com- 


"parable, one important v variation being t the difference i in the length of 


5 shows water and rail distances from Pittsburgh to points ‘on the 
0 and the Mississippi Rivers. Fora rail haul of 230 miles the water dis- 
is approximately 50% ‘greater than the: rail ail distance, and for 


in comparison with rail distance, a line ‘representing t this ratio, has also been 
shown. On Monongahela River the competing ‘railroads parallel t 


‘Tiver, anc and differences in lengths of haul are insignificant. 
ao Another point t that must be taken into consideration ix in any economic 
comparison is the difference in terminal costs. Experience on the Monon- 


-gahela River indicates that it is somewhat ¢ cheaper to load into cars than ae 7. 
barges. On the the d ‘difference e is greater, due to the greater range 


between normal and high- water stages. Coal cars can be unloaded from a 


trestle or elevated and tipped bodily, while coal barges must be by 


a grab- bucket, 


“ence amounts to low 5 cents per ton. 


FLO 
3 Every transfer of bituminous coal, whether loading or unloading, involves ‘ 


ome loss. due to breakage and, as Chia breakage is generally proportional to 
drop, loading into barges" has been considered as involving greater 


than loading into cars. a oe minimize this loss, three inddeth plants i in 
ington, W. Va., for transferring coal From rail to barge are in the fori, of AG 


nclined belt convey ors. For joint hauls involving ‘two failroads, cars ean 


Am. Soc. C..E., August, 1924, Papers and Discussions, p. 837. 
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4 RELATION OF ‘THE OHIO RIVE R TO TRANSPORTATION (Papers, 
be sv switched from | one to the other at small cost, whereas i in joint hauls—part 


a. giver and part rail—both : a transfer charge ¢ of about 10 | cents per ton anda 


breakage loss must be absorbed. t ed T 4a dreaad 


COST OF TRANSPORTING COAL BY WATER 
i Costs are based on the following 


1 000 000 Tons annually, no return Cargo, 1000 Ton Barges 


OF 9 ft. depth and steady movement: tobor ‘ 


4 romolh ody fo Lae: 


Ton Mil 


a 


o 

a 
2 


\y 


«| Average Railroad (rom Fig. ) ma 81 


0 


7400. 
“a od tbod bogs qit bas te Bier a 


Economic Comparisons.—If the points of origin and destination and th e 
_ton-mileage of each commodity hauled on these rivers are known, as well 
the water haulage costs, the direct benefits or savings resulting from their 


“use can be readily ascertained by comparison with existing rail rates and 


their economic justification determined by comparing the savings or benefits 

with the fixed charges. _ Although neither the traffic data nor the water- haulage — Md 

data are sufficiently comprehensive for a complete comparison, approxi- 


ured by y limiting the comparison to. coal and 
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LATION OF THE OHIO RIVER TO TRANSPORTATION ay, 1655 


Fe 
The average cost of moving coal on ‘the Monongahela River is quite well 


-detérinined and is 3 mills per ton-mile and the rail rate on coal on parallel. 


roads for the same haul—42 19 mills 1 per ton-mile, the 
This difference 


applied to the total ton- amilage—919 000 000—reported for 1994, shows a gross 
annual saving of $14 700 000, or allowing for difference in terminal costs,’a 
“net annual saving of $12 700 000, in comparison with fixed charges of $1 729 980. 


Parkersburg 


COMPARISON OF RAIL AND 
WATER DISTANCES 


Evansville 
‘St. Louis = 
Memphis _ 


SPER AS 

git 


New Orleans 


A similar comparison on the Ohio is is limited to the reach between Pitts 3 


burgh and Cincinnati, 483 in length, | There’ are only three uncom- 


pleted dams: above as they will be completed i in 1925, the: cost 
Loi sioig wdiissiligso oldO jo 


3 of that part of the project and the cost of « operation and maintenance can 
a closely approximated. “With a a first cost of $54 500 000, interest at 4%, and é 
operation and maintenance cost ‘of of $1 500 000, the fixed charges. will 


_ The coal moving on the Upper Ohio may be divided into three gr groups: ugh 


ny hih es ere 


(a) That coming out of the ‘Monongahela River and moving t ot ll 


8 oldaT ‘the industrial district between Pittsburgh and Wheeing 
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OHIO RIVER TO TRA 
(b) That coming out of the fad} 7 
Ge) Bhat coming into Huntington, W. Va., ., by rail and being transferred 


if Part of Movements (b) and (c) goes to the industrial district at Ashland © 
ie and Tronton, Ohio, but the major part goes to Cincinnati. Some of the latter — 

coal is re-shipped by rail, involving a a rail-river-rail movement, the coal being © 


hauled : from Guyan Valley by rail, 0 miles, transferred tor river r barges, hauled 


of direct benefits on the Upper Ohio is ‘not’ as 


4 as on the Monongahela, but a study of the major > movemenits and a comparison = 


with rail rates and distances indicate a a weighted ave erage saving of 4.0 millsper - 


| ton-mile. 1 If this is applied to the total ton- -mileage—800 000 000—reported_ fun 4 
ci ae this part of the Ohio i in in 1924, the gross: savings amo amount to $3 200 ‘000 or, a 


is approximately 6 0% of the fixed charges, ‘this part | of the is 


2b not t yet completed, a characteristic of every large transportation enterprise, — 


| the showing i is regarded as promising of as economic success, ae 


pros 


charges, in 


haul, in | 
miles, 


mills per 
ton-mile. 


Allegheny 
Monongahela 612 000 
- Muskingum 1 452 595 
Little 
Kanawha........ 


= 


Cumberland 
ennessee, 


$141 490 595 87 634 805 2 114 044 700) $9 683 175 


Florence, Ala te 7.0 | 251 640 


~ 


— 


eons per ton-mile on the railroads in this ‘If upon 
a pletion of the Ohio canalization project the commerce is doubled, as seems probable, the fixed 
charge ton-mile will be quite with that on coal- carrying 


Similar comparisons made on other tributaries show some as yielding 
= benefits comparable with the fixed charges, others have not yet reached the 


stage. of economic justification, while still others’ have: apparently “passed 


it, as did the old canals 100 years. ago. C Certain data con- 
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ATION, OF THE, OHIO ‘RIVER TO TRANSPORTATION 


n 1 the lower half of rie Ohio, te tonnage for 1924 amounted to 1 400 vel 


Pa Cairo, and points. on. the "Mississippi Rivera; “With ~~ 
completion project this tonnage bids fair to. increase 
greatly, There i is now a seasonal movement of steel products from Pittsburgh — 
to Memphis and Baton Rouge, La., where two of the large steel corporations 
established distributing points for -supplyi ing the Southwest; 66 000 tons 


were shipped in 192 and with y ear-round nay igation the tonnage: will in- 


On the Mississippi River, 23, there was an up- stream tonnage 


(Memphis to Cairo), of 400 000, consisting principally of sus sugar, molasses, logs, 
: bauxite ore, and miscellaneous items. Similar traffic will develop on the Ohio | 


when the project is completed. For some of this tonnage, covered barges will _ 
_be required which, in turn, will be : suitable for the shipment of manufactured 7 


ae from the Ohio Valley to points on the Mississippi River, resulting i in 


The coal ‘movement t on the Ohio and. ‘its tributaries is nearly all down 
stream: with no back haul, There are many indications po pointing 


iver does not differ from the coal- -carrying thie ev idence of 
increase the movement of coal by river, two additional coal companies 
planning to ship, to Cincinnati by water, coal brought into Huntington, 
Va., by ral. he combined capacity of the three rail- river transfer plants 
Huntington | will then be 4 000 000 tons. annually. the 


modern unloading plant has recently been completed at 
is equipped with a bucket having a capacity of ‘5 tons of coal and the speed 


NOT SVC 
‘is such as will permit a roun¢ trip from barge to hopper i in 40 sec. The cost — 


of unloading i is ‘reported a as less than 10 cents per ton. Ls The new steam power — s 

"plant under | construction 20 miles below ‘Cincinnati i is planning to receive its 


coal b by river. ‘The initial ‘installation v will require 250 000 to 800.000 7 
tons annually ‘and its ultimate requirements will be nearly three times that “a 
‘quantity. proposed by-product plant at Cincinnati “contemplates: the ship- 


ment by of 500 000 tons of coal annually. Any’ hip 


y Oe The steel- -making industries. on the Ohio ‘are responsible f for the largest a 
: ba part of the present coal movement, 2.6 tons of coal being required | directly 


ae indirectly in the manufacture of eid ton of "steel, and if these districts 


other similar ‘districts are established, the Ohio 
_ eventually be as essential to their success as the Mon hela River is to the 


Recently, in connection with ‘its Parkersburg, W. Va. , refinery, the Standard 


Oil Company established water delivery service for its refined products. 
With a fleet of si six steel 100 000 gal. each, deliv- 
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will be brought by ‘sea to Baton Rouge and barged up the ‘Mississippi and > 
Ohio Rivers to meet the coal; but even if some of these forecasts are = 


it seems probable that the canalization of the Ohio will eventually 


a inland waterway improvements are justified <r 
if. ithe benefits are less than ahs carrying charges, but in its report to Congress a 
a number of years ago, N Commission stated that: 


cost of fucilities for carrying whether borne he Federal 
_ Government ¢ or by private capital, isa burden upon the resources of the coun- 
try. The fundamental criterion should be whether a railway or CEE, 
constructed or improved, will be a profitable investment of of capital.” 


_ The same view was expressed recently by y General Black in his airine 
“Waterway and Railway Equivalents’ ’, previously mentioned, as follows: 


“New waterway lines ‘of transportation should not be: established unless 
an analysis of the existing railway, highway, and waterway lines and of the 


need for transportation shows that the proposed new line is required and that 


if established it will produce an annual saving in the cost. of ‘transportation — 
ee than the interest on construction plus maintenance and operating — 
The writer would phrase | a “similar thought by saying that ‘hig’ people of 
the United States are entitled to have the products of the farm, mine, and 


factory move from origin to destination by the cheapest means, all elements 
cost considered. Every inland waterway project should be gauged o n that 


. Projects. that are economically, be prosecuted vigorously 


apy by, 


— to Louisville, of the Ohio Rive aton Rouge | 
. thence n the completion make Ba 
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THE RELATION OF THE E OHIOM 


WATERWAYS: TO PRODUCTION AND INDUSTRIAL 


litte 


od 


becoming ‘essential t to the safeguarding of National prosperity and 
to the proper economic and industrial development of the United States. This i 
_ is considered to be a fair ‘statement be because two distinct types: of studies have 
3 - indicated that ‘these waterways afford a means of solving important industrial 
problems. This particylar paper is confined toa description of these two 
{ fundamental studies” and the relation of the Ohio- Mississippi route to them. an 
‘The first was a war- time study of production which i is equally applicable to 
le general problem of production, and it stresses a serious situation which is | 
worthy of frequent re-statement from all angles. The second study is 
cerned with the industrial development of the Cincinnati District. 


Prosperity is is linked with production. Periods of prosperity make 


“43 


a _ on the entire capacity of the Nation for production, and in time of war the — 


country’s 's ultimate military effort i is by production. There are seven 
limiting factors of production, namely: (1) Demand; (2) ‘fluid. capital; (3) 
ee (4) labor; (5) raw (6) equipment; and 


of these commodities shou ‘them meet any emands that 
factor of ~The great panic bf 1907 was “caused funda- 
mentally by the inadequacy of transportation facilities, and the transportation 


facilities again failed to meet the demand after the entrance of the United a 
to 


eat 
S 


*'Prof. of Civ. Eng., Univ. of Cincinnati, Ohio. 
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a ing factor. At present (1925), demand is the limiting factor in production. — 
a ‘The: country: is so equipped with labor, raw materials, and sources of power a 7 
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ELIZA MON OF THE ‘OHIO- MISSISSIPPI “WATERWAYS 


was w indicated by an arrow pointing backward from the yard, westward. Thi: 


arrow lengthened week by week and the rate at which this length panon Se 


as the basis for 1 the prediction of the date of complete congestion. In De- 


cem mber, 1917, it was clear that this would oceur by February 1, 1918. Addi- 


tic al factors—in_ particular, severe weather the tie- “up 
nd b y January 17, 1918, ‘the Coal Commission issued i its orders 


all for one week and for one 


shipped in or out with 

_ Herman Schneider, Assoc. M. Am. Soe. ©. B, who was closely concerned 
_ with those studies, ¢ gives a simple ‘illustration of the transportation _ situation — 
in one of his professional papers. The transportation facilities. correspond 


the: aisles of a factory the. Taw are carried to the 


various Further, the proper layout of the equipment must be 
Siete in its s relation to a proper sequence of functions and a minimum trans- : 
n the « entrance of the plant to its as finished 


vidth o of aisle which will avoid congestion | tie-up of 


the entire country be viewed in much the s: same manner, treating the 
country as one vast factory. At present, the aisles are not wide 


is stated that the period of congestion on the 
Eastern seaboard, under: WwW orld War conditions, it was easier to ship goods 
from Pittsburgh, Pa., to New York, N. Y., via New Orleans, La, than from 
Pittsburgh t to Ne ew York direct by On the ‘completion of the work on 
% these. waters, a similar. tie-up into the North Atlantic ports would make export- 


ing by. way y of New Orleans feasible, that is, it would be éasier ‘to ship from ; 
=, ‘Cincinnati, Ohio, to New Orleans by viver and then by boat to France than we 


to ship from ‘Cincinnati to New York and export from there. The increased _ 


Bt 


- utilization of these waterways is necessary for general businiess’ demands and 


_ Again the matter may be viewed from a study of proper industrial devélop- 
“ment, development for any particular locality should be based on sound 


searching studies of all the, economic principles involved and on a proper. con- 


of ‘industry. There. are ‘exceptions, of course, primarily in the location nea 


i the source of supply of those laaetiies wi using bulky raw materials. 
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the ratio was 1 to 12, and, in 1920, there was nearly $25 “the 
1912, the ratio was 1 to Di the basis of valuation 
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ATERWAYS 


this problem of the selection of proper i industries, , the: Ohio-Mississippi_ 
: Waterway i is an important factor for those States borderi ing on it. Investiga-_ 


the Proper industrial developments of the Cincinnati are 4 


can be ‘made, ‘but discussion of, ‘the fundanoéutal principles 
‘involved, with stress ‘on the question of transportation, together with an illus- 

ears 

tra ion of the specific : type of problem which arises, will indicate the - import- 


ance attaching to the waterways. be out mil alt ag abixorb 


ot The question of the proper i industry for a site involves many factors, ey inst, _ 


he natural resources of the ‘surrounding country y should be studied ; the 


mands of the community ‘must be analyzed ; “the” type of power and labor 


available must be known; and the contacts with neighboring industrial centers _ 


For example, assume that a plant to manufacture | a given Cay is to to 
be located in Cincinnati and a request is made for capital. ‘In the investi- 
gation: of the wisdom of such investment it is necessary, in order to deter 


the transportation charges, to determine the sources” supply of it 


raw materials and to learn the dependency to be placed on a continual flow of 
this supply. _ Then, with the cost of the finished product known, there may be 


_ determined the distance this product can be sent in competition with similar 
factories which may be located in Chicago, Til, St. Louis, Mo., and on 


Sth. 


burgh. The demand for this product in the territory it may ‘economically 

be studiec and the of existing local plants "determined. 
_is already 90% | filled 4 


some of the companies or severe financial stress for all. This leads re 


question: of decentralization for certain types of industries. 


Th order | to have a basis for solving these industrial problems, two ‘surveys f 


[ have been started in Cincinnati. The first is determining the natural resources as 
available to the Cin neinnati District. area to be studied varies with the 
type of material, in some instances: a radius | of 50 to 100 miles is taken, in 


ign ar 4 


oe others, one of 500 to 1 000 miles, depending on the bulk of the commodity and ee 
the means of transportation, This work is being carried on by the Dniversity 


vi “of Cincinnati, with aid from the Commercial Club. © ‘At the same time, a study 


ae the existing manufactures in this District, the demands i in raw materials at 


present made by "these plants, and the o output from this District, is a 


carried on by the Technical Advisory Corporation. This work is supported 
financially by the ‘Chamber of Commerce. Lend Li 
To illustrate how Ohio ‘River transportation. has entered study, 


following illustration serves excellently. Among the studies being made in’ 


connection with these investigations has been a review of, the uses of se salt and : 


he ‘sources : from which it is now obtained for local purposes. . At present, salt” ; 
is brought chiefly from Northern and Michigan. Rock salt is. mined 
"somewhat more cheaply i in New York State, but transportation charges make — a 


Northern Ohio and | Michigan s sources more However, rock salt 
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OF THE WATERWAYS 


ers. 


UTILIZATION 


[Pape 


factories: on the -Tiver t to manufacture certain chemicals. Alkali (sodium 


inesinie of great importance in supplying the demands of the ‘country. It1 may 


be brought from this supply i in barges on the Ohio and Mississippi Rivers. and 

_ delivered to factories established on the banks of the Ohio at favorable rates / 
: competition with the ) present sources. ‘There it can be crushed and screened 
_ and the demands for various sizes of rock salt for all local needs in the chem-— 
x - ical industry supplied. The excess of all sizes can then be e used at these new 


4 


hydroxide), , suggested as the lime needed in conjunction with it, is available ; 
great plenty in this region, and the electrolytic manufacture of sodium 


use any excess electric power if this p proves feasible. Salt 


investigation to a study of the source of this raw ‘material. The sulfur cused 


for the glass industry has also been suggested. oft to. 
Also; salt cake (Na,SO demands sulfur, and this demand carried. the 
= present comes chiefly either the Eastern seaboard, from places ‘such 
. as Perth Amboy, N. J ., Where it is is obtained from pyrites imported in bulk, or 
from: pyrites found in ‘Tennessee. Sulfur may be obtained practically pure 
- from wells ‘in Louisiana and Texas and transported on the ‘inland J a 


With cheap sulfur for the manufacture of sulfuric acid, an ample salt supply, . 
et and adequate power, ‘the materials are assembled for the maintenance of : 


- heavy. chemical i in ustry, for the manufacturing of such products as ‘the salt 
: cake, already mentioned, ‘pods, ash, caustic soda, and hydro- chloric acid, all of 
which are products that fi find places i in the industrial demands of, Cincinnati. 
his is the t type of ‘prol lem now ‘confronting those. engaged. in the inyesti- 
The feasibility of this” 


gations of accessible materials and -their utilization. 
particular manufacture is still to be determined. “However, 1 ecent studies 


seem to indicate that the Ohio- Mississippi. route will place. ‘rock salt and 


sulfur among those raw materials so situated geographically as to fall ¢ among 
- the natural resources which determine the proper industry for this locality. 7 J 


There is isa local demand for pig iron, question has been. asked, 


should blast furnaces be located in the more immediate vicinity of Cincin- 


Dot 


et The transportation factor involved is that of barging coal from the 


ittsburgh region in West. Virginia—a water |} haul—and the rail shipment of 


_ ore from a Lake port, such as Lorain, Ohio, a haul comparable to the haul 


from the Lakes to ‘Pittsburgh. Local factories that use by- -product coke 


slag. cements deserve consideration in this connection, as the prac- 


al 
a ticability of smelting at Cincinnati, a mixture of Birmingham 3 iron, , Bessemer 


an nd Lake Superior ores. The use of sulfur and salt, is stressed, however, 
indicate the need of an ‘investigation of the natural r resources of the Ohio- 
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Mississippi Basin as a means to intelligent ‘industrial. expansion, along 
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a. RAIL AND RIVER TRANSPORTATION COST 


“AND ITS TRIBUTARIES» 


J 


Ad Donne The relation of the Ohio River and its tributaries to transportation in the - 


‘United States may mean either of two things: First, how the one 


nt, 
with the ‘other as ‘to amount, importance, expedition of service, economy, or. 


some other « characteristic ; and, second, how the two are connected with or 
to ¢ach | other—the nature and extent of their interdependence 


my tir 


_ interaction. Nie The first is largely a matter of statistics. _ The salient facts i in 


regard to transportation on the Ohio Rivert are contained in Tables 10 a nd 11. ace 
TABLE 10.—Freicur Trarric, 1923. 


Net tons. Percentage | Percentage 


Coala and coke. 6 041 708 4 $27 466 4 401 5.0 — 
Sand, gravel, and stone 6. | 1549 
Metals and metal products. 792 | 86 714 894 

Alt other commodities. 476 617 44 298 077 


280 520. 022 253 


the figures given in 10 11 include freight handled in car ferries. 
Since 1918 ‘this ite item has been kept ‘separately, and figures exclusive of car om 


terry traffic are, as as follows: arg 
q 


= 


21. 307 880 93.274 814 
a 4 


The characteristics of the Ohio ‘River are, as follows: 


ay in cubie feet per second (estimated) : to jean 
or sat ‘itt DITR 205° waiter, | High water. 


head, Pittsburgh, Pa...) 440000 


biti: “jul At mouth, Cairo, I 

* Pres. ‘ind Gen. Mgr., Pere Marquette Ry. Detroit, 
Annual Report, Chf. of Engrs. U. 8. Army, 192400 dons 
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RAIL AND RIVER 1 


ft. channel Pittsburgh to Cairo. It fifty- two dams, with 


110 ft. by 600 ft., at each dam. Of these, thirty between Pittsburgh and 


ie Ohio, are in operation, being all that are contemplated between 


those points, a distance of 358 ‘miles. _ Between Portsmouth and Uniontown, 


(480 miles), seven are nine are under construction, 
. one is is not yet begun, Between Uniontown and Cairo (180 miles), the five dams ~ 


- contemplated are not yet begun. a ‘This makes a total of thirty-seven i in opera- — 


tion, nine under construction, and ‘six begun on June 


192 690118 | 

1895 


be 


978 


re 


068 


—. 1910 , prior to the adoption of 1 the present project, $17 657 273 had ae 


: _ expended, with 858 974 278 since that time, making : a total of $76 631 651. The 
estimated cost of completing: the project is $34 084 oe which would make the 
total cost $110 716 177. The cost of maintenance and in the year 


ending Joos 30, 1924, was $1 4° 420 574 74.......0F | broil 3 tA 
The classification of freight i in 1923 by principal commodity ‘groups 

by up “stream and down- stream movement, the ton- miles and average 


in each case, ‘given ‘in Table 12. do Add 
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RAIL AND | ‘RIVER TRANSPORTATION 


—Faricur CLassiFicatioy, 1923. 


oe Commodities. ‘Tons. “of total.  Ton-miles. | haulin 


Metal and metal products see 10.0 


492 096 059 


Sand, gravel and stone’ i 828 085 
Metals and metal products | | | 


610 285 


Te 


id 


‘Ton-miles. | haul, 


No attempt to compare Ohio River traffic with all ‘clissaed of transportation iy. 
the United States will be made, as that would include not only other water- _ 
me traffic, but a Iso that carried on the highways . The. comparison will be — 


c 


onfined to the freight traffic carried by the railways. This i is shown in the 
“following statement | (Table 13) for 1923, the last year in which statisties as ' 
to river traffic ate available. ay You 


In this comparison (Table 13) it should be noted that the cost of railroads a x 


includes ‘rolling: stock, which amounts ‘to about one- -thitd of the total cost, 


. whereas" the cost for the river does not include boats and barges, 1 nor does “a ba 


anything to correspond to fuel, and water stations, freight and 


“ai: 


e case of Pere Marquette Railway, amounts to 
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RAIL AND ‘RIVER ‘TRANSPORTATION osTs 


| 
| States. q of railroad. 


ons of freight ) 5 
of of freight per mile of length.......... 5 550 94, 
-Ton-miles per mile of length 485 
including equipment 
Cost per mile including equipment . 90 658 
Estimated | cost mile of of improvement. 114318 | 


ino) 


AL 


‘In 19238, the average rs railway revenue pe per ton- -mile was 1. 116 cents. On 


the Pere ere Marquette Railway the average revenue per a me was. ‘* 118 cents, 
which was s disbursed, as follows: pis male 
4 
Maintenance of way and structures. ... 141 


‘Traffic, general and miscellaneous...............-. 0.068 


. 


lus oe 0. 123 


Ths ‘This distribution i is on the a assumption that the ratio oof expense to revenue 

is the same for freight’ as for all traffic. 


Data are not: available for arriving with accuracy | at corresponding figures 


Ohio River traffic. However, the uncertain factors are not important, 
that a a total may be reached, which is fairly comparable. with that for railroads. 
a a improvement project will probably be completed within the next seeped 
_ or four years at a cost now estimated at $110 000 000, on which interest at god 
would | be $4 400 000. maintenance in 1923, v with thirty- seven, dams 


ae apie: cost $1420 574, so it may be assumed that the cost of maintenance 
of the completed project will average $2000 000 per year. 


ven 


Depreciation on. the railroads is included in their maintenance « cost, but 


- not in the figures given for the river. _ In a ‘paper on “Traffic on. the Ohio 


River”*, Mr. Charles Whiting Baker states that: “The first. dams built 
a JA depreciation charge of 14% 


ae the Ohio River already require r reconstruction 


allows at. least as long a life for these works, 2 as can safely be assumed”, This” 


rate gives a yearly depreciation charge of $1 650000... waged 
‘The. Government, by. making this expenditure, will have. withdrawn 


i $110 000 000 from the taxable wealth of the nation, on which otherwise it would 
be. receiving taxes. fair comparison with railroad costs, should 


Bngimecring News-R January 15, 
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RAIL AND RIVER TRANSPORTATION ‘costs 


include 1923 the railroads paid taxes of $332 000 0 0 
Bi an investment of $22 ¢ 681 000 000, or at the rate of 1.46%, which applied to 


This amounts | to a cost. of 1.29 cents per ton-mile, based on the volume o 
traffic for 1923, As ‘the volume of traffic decreases, this will increase. 


‘This charge does: include the amount paid the carriers for 
moving: the freight. Such ‘figures are not available, but H. Moultor 


Am. “Soe oe. E.; has estimated* that a rate of 0.089 cent per ton-mile 


$m would be necessary to enable a carrier to haul coal from Pittsburgh to Cairo : 
| profit of 5% % on its investment. * constitutes the 


eal is on i 90 miles, with correspondingly greater terminal delays. 
two factors would result in at least doubling the rate quoted, and the in¢rease 
in cost of labor, fuel, ete., since this estimate was: ‘made, would» add about 


60% more to adjust. it to present-d -day costs. ‘These adjustments would raise 


Mr Moulton’s estimate ab approximately 0.97 cent per ton- mile, or about one- 
the rail rate. Of « course, rates ‘bn’ most commodities are much higher, 


for there is little ébingletition by water, and rates are based largely on railroad ~ 


hg not River « carrie n 1 they’ adjust their rates 

ttle’ below the scheduled rate of the railroads, which is based on the 

__ experience of all the railroads of the United States and must stand the test Ps 
of study by the Interstate Commerce Commission, a fact- finding body. 


‘condition has ‘come ‘about through the shifting ‘of traffic from water to 
- railroad, and the attendant specialization of traffic on the river. men voit | 
The average rate is kept. down by the relatively large tonnage of coal; but: ae 


making. all due’ allowance for this, it i is not probable that the average ‘cost is ees 
than 0. 27 ‘cent per ton- mile, | if interest, taxes, depreciation, and main- 

F _ tenance on the floating equipment, in addition to the actual cost of « operation, oe 4 


are properly taken into account. 28 Jedd aid” 


inde Adding the « cost of. operation, O27 cent, to the ton-mile charge for i ‘improve- 

ments, g gives a total ton-mile cost of 1.56’ cents, which is 40% greater than the 
tail rate. Even this’ figure is not comparable to the railroad cost } per er ton-mile, os 
ts a ton “mile by river is not the equivalent of a ton-mile by rail. All towns 
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any any considerable : size on the river are also ™ 
shows a comparison of distances by water and the shortest FR FOR cn an? 


ar ori 


Pittsburgh to Wheeling, W. Va.. 68 


come order to obtain a fair comparison of rail and river cost it is necess 
therefore, to m ultiply the river cost: by 1.44, resulting i in a cost of 2. 
a per ton- ‘mile by river, as against 1. 116 cents by rail, or just twice as a arriv 
ays 


There are two other features which, if taken into account, would further reduc 
modify this comparison to 1 ‘the advantage of the railroads. Coal, sand, and wate 


gravel constitute (90% of the - river traffic, _ which is more than twice the pro- 


on the railroads. 3 Railroad on these commodities are considerably 


ae er than the ; average, ye if such rates were used in this comparison instead | 
ae of the average, it would result. in a still: more unfavorable showing for the 
"18 

river. Further, the rail he a 1. 116 py per ton- mile covers reyenue freigl 


“only. The traffic figures on the Ohio, as compiled by U. Engineers, 


PRLS 


be based only on revenue freight, but it. is probable that they include all 
freight moved on the river, as well ; as the fuel for steamboats and the materials 


used i in constructing the river improvements. “If this is true, a ¢ cost per ton- 
mile for river traffic, based only on revenue tonnage, ‘would be a ppreciably 


“a higher. To sum up, may be conservatively that river transportation 


costs. at least twice as much as s railway ‘transportation. Tn ‘addition to costing 
‘twice as. zauch, riyer traffic is subject to other disadvantages. It is a a slow 
movement. down stream, and ‘much slower up stream. ‘is Subject to inter- 
from the periodic floods and ¢ even ice at. certain times. 
River transportation is not comparable with railroad transportation 


at. to service, inasmuch as as it is limited : as to point of. loading and unlo oad- 
ing. In the case of the railroads, the seryice is not thus restricted; and to 
- this is due no doubt the development of the railroads in the river territory 


This comparison shows that as a transportation facility, the Ohio River, 
ce that. of the Fortunately for the 


be likened toa very y crooked railroad of similar r length rwith less than 
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RAIL AND RIVER TRANSPORTATION ~ 


on this route, he does not have to pay interest, taxes, depreciation, or 


7: on its roadway, for r this expense is borne by the whole ‘United States. 
This brings us to the oother phase of this ‘discussion : ‘How Ohio River 


transportation and railway transportation affect each other. ~ When the writer 


> began this brief study, his impression was that, in this sense, there was 
"relation between ‘the two. Ohio River traffic seemed so self- contained, ‘inde- 


_ pendent of rail transportation, and so restricted to local traffic and to certain 


a commodities which it can handle to advantage, ‘that he failed to see much | : 


connection be tween it and transportation at large. The history of river and 


= ses % 


taiboads | since the latter invaded the Ohio V. alley, however, shows that 

the railroads have had a very unfavorable effect on river traffic. ‘On. the other 


hand, the influence of river traffic on the railroads has been negligible, although — 
‘it has resulted in favoring certain communities at the expense of others, as oan 


Bue “va 


The ‘steamboat was invented nearly a generation before ‘the 


=" 


cr 


arrived. the railroads developed, however, the cost of wis 

‘reduced, although it was fifty. years before they ‘could seriously compete with 
water traffic, As this reduction continued, the railroads made serious inroads — 


on river traffic. This reduction in cost of rail transportation, if measured 
PA the purchasing power of the | dollar, is still: going on, , and there is every 


reason ‘to believe that it will continue indefinitely. On the other hand, river 
transportation has made little or no.progress in that ¢ direction, and, from its 


Th 


very 1 nature, will not be able to do so. 1e result n may be noted in the trend 
of traffic on the Ohio. The peak was ; reached in 1900, since | ich time it 


has grown les sata fairly uniform rate, if the fluctuations due to varying 
VOU 


business conditions are eliminated . This is shown in Table 15, which 1 also 
the increase of railroad freight traffic for the s same periods, 


| An in Engineering of: 4 1916, stated that “Commerce 
River heig practically most of the inland waterways. The con- 


trolling cause is the development of railway.” This is undoubtedly true, 
but there are other contributing causes. ‘The mines that 


‘can ship by river ‘a 
to advantage, on account of being directly on the river: bank, are becom- 


ing exhausted, and the new mines that are being opened, are‘inland and are 
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‘The production of coal, ‘capita, is declining, not the Ohio 


bre” River, but throughout the United States. . This decrease is shown by the 


4 following information taken from the re reports of the U. Ss. - Geological Survey: = 


i 


ot ni dedi saw motes: im net tons, 


678 212 000 


This that the production i in 1924 is the same as 
io 1913, In the meantime, however, the population of the United States = 
increased from approximately. 96 000 000 in 1913: to 112 000 000 in 1924. ite 
tok The reason for this decline per capita is not ‘difficult to find. The use of 
has been ‘growing by leaps and bounds, as shown by the following 


figures obtained from the Census Bureau: 10 olitif. ob 


os ee 488 303 


Part’ of ‘this is derived from. water power, but the major part 
obtained from coal. Much of the coal, however, is consumed at central loca- 


tions provided with ample transportation | facilities. widening 
in less transportation of coal “whether the electricity i 


derived from water power or from coal. vit Ondo 
an _ Another rea: reason for the decline p per capita in the use of coal is ‘ae rapidly 


= the of petriilepm, as shown i in 


769. 

1913 . 


toe tition 265 763 


800,767 
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AND RIVER TRANSPORTATION | costs 


ee 


automobile is responsible for a large part of this increase, but not 


all” of i it. The majority of ‘the locomotives: in the Southwest are now 
- equipped for burning oil, and ith @ use for this purpose is rapidly extending. On a 
aS anuary 1, 1924, there were in use on the railroads of the United States 6 763 Ag 
oil- burning locomotives. y Still more marked i is ‘the | increase in the use of fuel as 


tbs In ‘fact, it is evident that the railroads of the , United States have reached — 
“peak: tonnage per ‘eapita. The decrease in the quantity of coa 
_ transported has been made up toa certain extent by the large. quantity o of 
materials handled for highwa y construction, This will probably continue 
for many years, but it is doubtful 1 whether at any time it will exceed the ton the ton 

The relative decline. in coal production will affect both river and sal 

i traffic, but will affect river transportation more ‘seriously, as coal ‘constitutes 
about three-fourths of the Ohio River traffic, s and when it goes, there i is nothing - 
to take its place. On the other hand, the railroads will have more capacity My, 
to handle higher grades of freight; 5 they now have excess capacity, and could | 


probably. handle 25% more » business than they. do, without t taxing their present oe 
7 


facilities. For this reason, the declining coal traffic may cause some hardship : a) 
for a time, | but as the country develops, this loss will b be more t than made 

_ Railroad freight rates generally are so much higher in ences than they are Bo = 
in the United States that there isa a wider margin: for successful operation 


on the rivers and canals, The average revenue per ton-mile for 1913 in a 


number countries and in _the United States is 


Waterways have always been favored’ a as to railroad rates for the reason” 


that the wenn rate structure was based on the acidin traffic and 
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4 RAIL AND RIVER TRAN ISPORTATION COST 
‘This has often resulted in lower rates to towns along the rivers, 


hits discu ssion of the admirable paper by William M. Black, ] M. Am. Soc E, 


on “W aterway ‘and Railway Equivalents”, Edward Burr, M. Am. Soc. 
states that:+ “The waterways, however, have justified the public’s confidence 


and willingness to spend its money on them, although they may carry little act- 
ual commerce... ‘To use a naval phrase they have the value of a “fleet in being’ ”. 9 
5! - This may have been true at one time, but Colonel Burr has evidently panne 
is the ‘rans portation Act ¢ of 1920. This Act establishes a fair return for the r rail- 7 


ways, and authorizes the Interstate Commerce Commission to adjust rates 80 


>, pe that they will earn such a return. _ This being the case, it is evident that if any 


es ; community or. set of communities enjoys rates lower than they would pay in the 


a usual run of affairs, this deficiency must be made up by other ‘communities 
Which pay a rate. Colonel ‘Burr “fleet in being” in this instance, 


—serves only te to protect those who dwell 


“along 1 the banks of ee river r in an - antage secured at the expense of other 
and consumer, in Columbus and and 


at inland points will also ‘pay higher on account of them. an 
will. result in any increase of river trafic. Coal hich 


formerly went fr from Pittsburgh. to New Orleans is’ now obtained) Ten- 
nessee and Alabama, partly. by rail and partly by water, The sand and gravel 
business is purely local and would have existed in about its present. volume 


> 


there seemed to be a fair prospect of developing a large and important traflic. 


be admitted that the experiment is a a failure. al 


Tt is not probable that such an improvement would be undertaken at the 
esent, time. The attitude of ‘the people toward. the railroads has changed 
id Sit! 
r ‘since 1910. The thinking part. of the population 3 now realizes that the rail- 


fa roads are its } friends and servants, and not its enemies and would-be masters. 


4 These great expectations have not been realized, and the writer feels it must | 


As a people, , Americans think in economic terms than they did a few 


years ago. so, it is difficult to predict what 1 may result from an active 


propaganda directed by interested parties and acclaimed by politicians: who 


__ There is is a lesson to be learned from. the results of niet Canal. . In 
fa 

ae. is recent Annual Message | to the New York Legislature, Governor Smith 


ge Ca , including construction, grain elevators 
repairs, operation, and payment of claims for damages, has cost 
the people since 1905 up to date, $191 626 000;, between 1905, when the first 


* Proceedings, Am. Soe. C. ‘August, 1924, ‘Papers. and Discussions, p. 837. 
Loc. cit., ‘February, and Discussions, pp. —---—-.- 
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SA 
AND RIVER TR PORTATI ON 
canal bonds_ sold, up to 1924, inclusive, we have paid in interest 


$39 880 387, making the cost of the barge canal to date, 881 014. 
In the six years” followi ing the opening of the new Barge. Canal i in 1919, 


Papers. 


freight averaged 1 640 40 481 tons. Interest. on the | cost: of the Canal at 5% 
t- a $11 544 000, to which should be added $4 182 696 for maintenance and opera- : 
tion, making a total annual charge of $15 727 000, which e equals $9. 
il- ene t 1911, when the agitation for a deep waterway from the Lakés to New _ 
$0 Orleanis. was ‘at its” height, Mr. Moulton, after describing | the earlier 
ny [| waves of popular enthusiasm, for the development of waterways, stated: 
the “Attention should be directed to ‘the incessant ‘suggestion in 1 public ‘dis 
jes cussion and in the press that transportation upon our rivers and canals should - 
ce, | be revived. ‘he remarkable conjunction ot influences should be recalled, — 
ied namely, the lingering glory of our waterways, the widespread movement for 
vell # the conservation of all our natural resources, the relation of waterways to 
her | the reclamation of flooded lands, to the dev elopment of water power, and to P 
and the supposed remarkable cheapness of water transportation, the 
4a opposition to the monopolistic tendencies” of the railways, the inadequacy — 
um §j of the railway service to ‘meet the country’s needs, the alleged benefits of | 
and waterways even to the railways, the avowed advocacy of waterway development | 7 
by railroad men, and the extensive in foreign countries. 
— ‘Finally, it should be noted that, in addition to this incessant and broadside — 
‘suggestion, the mov ement has had the active pela ‘of some economists, and 
hich of many prominent business men and politicians, who have served to give 
Ten- § the necessary sanction of authority. Under such a cumulation. of causes” 
ravel | 22d combination of influences, it was utterly impossible for the average in-— 
¥ dividual to weigh the various arguments which were presented or to — 
lume ff them to the test of reason ; and it is not surprising that a large portion of the as 
eas populace should have grown excited over the matter and jumped to the conclu- : 
1s an § sion that the industrial growth of the country is fundamentally dependent upon — 
which development of water transportation.’ “eee “ATW 
raffic. The country is now in the, midst of similar’ agitation for the “Lakes- 
ral 


must § to- Ocean” waterway. It is to be hoped that a decision in regard to 
ara gigantic project will only be reached after it has been most carefully con- aot 


at the § Sidered in all its engineering and. economic aspects, and that such a decision | 
at t 
anged shall be made on the basis of the findings of the most expert investigators — 
tail and not in response to an ill- -informed and more or less hysterical 
asters. nthusiasm, as has too frequently been the case in the past. 
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IVE R- RAIL TERMINAL ibd boat 

What is the meaning of a river-rail terminal? First, it that the 
4 river will hep the -rairoads; second, it means that the railroads will help 
. ee the river ; and, finally, that both will help the port as well as the so- -called hinter- 4 =" 
ee and. | Every city © of prominence and importance has been made i in two ways— mae 
; muni 


or either by 1 water, such | as lakes and s seaports, or by railroads. The largest cities 
in the United States, and those of the greatest importance, have a combination a * 
of both water and rail. New ‘York, N. Chicago, Th, “Cleveland, Ohio, 


Baltimore, Md., Pittsburgh, Pa., Detroit, ‘Mich, and San Francisco, Calif. 
few examples of the wonderful combination of water and rail. 
Engineers are familiar with the improvement for navigation of the Ohio 
ony wry ty 
and the great ‘plan of development of waterways. ‘When this °° 
yien entire program is complete i in the near future, the question is, what next? + he ae 
answer. to. this question is the problem of each locality so situated that it can § wee 
and will use the facilities at its disposal. For this Teason the writer oo con- “ad 
h his remarks to a definite locality—the City of Cincinnati ehh 
doap Begin with a natural highway equivalent to a 10- track trunk line from it h 
1 
Pittsburgh to Cincinnati, built at a total cost of $103 000 000 for engineering Geis ’ 
_ ' development to make it navigable for approximately twelve months i in the year, ~ 
~ barring ice and exceptional conditions. When this waterway is completed, it The. 
es connect with other waterways such as the Mississippi River which, in turn, ss _ 
pers 
connects with ‘seaport, ocean, canal, and more ocean. 
_ | Locally, this means that a ‘single city on the banks of ‘the Ohio River begins chise ; 
to think in terms of New Orleans, , La, Seattle, Wash., Hong Kong, 
China, to say nothing of neighboring citys ‘such as Pittsburgh, Louisville, om 
le we 
 Ky., and St. Louis, Mo. By visualizing such commercial connections, the 
stor 
inland neighbors ir in Springfield, Columbus, and Dayton, Ohio, will see that § eg 


flood- 
is obvious that with highway p passing with 1 money 
i: ent on river improvements, and with trade developing in such a startling 


_ re , that locally the citizens of Cincinnati should think about handling it #7 


When millions « of dollars are being spent on river craft, su such craft ‘should be. 


‘is ie the cost of ‘transfer. That must b reduced toa a minimum of cost cand submit 


_ minimum m of time. It must be done in the most ‘expeditious and cheapest ‘marr Bf vere on 
ner which modern science ean provide. The key to securing this minim | 


% a time and expense ein transfer i is ‘the terminal—the rail- water terminal located 
on the banks of the navigable 3 river, connected by belt line with all the rail 


the community, and provided with cranes and other moders 
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the c car, and expeditiously; and it follows that this must 
g ‘provided. Who shall provide it, the States, the States, or the 


political sub- divisions—the municipalities? wou ith et 


has been tovined in Cincinnati to connect ‘the: water: facili ities. 


he first idea was to form a company eventually would 


municipal enterprise, thus opening the Port of Cincinnati to all. Owing to 


the lack of funds in ‘the City Treasury, as w well as the political | complica- 


tions that might arise, it was decided to organize this company other” than 
municipal and strictly on a ‘commercial basis and for profit. The advantage 


"terminals. 


aging the iene and small 1 shipper alike to share i in the company. There 2 are a 

‘no large stock subscriptions, but it is s planned to have a city- y-wide list of stock- = 

holders. . Already the subscription list. includes industrials, lawyers, depart- 


“ment stores, insurance companies, and are 


any ‘commodity handled at. any he project, in a | is 


work, f for the company has neither iisilled costs nor guaranteed shippers, but 


it has’ faith i in water transportation, and feels that if the Congress of the 
United States has sufficient faith in 1 the project to ‘make the Ohio ‘navigable, 
the citizens should have enough confidence to use such facilities. 
order to a transfer, terminal accommodate a variety y of 


trucks. This is the first in to being on 


the water, ‘the facilities | must be above high water for protection of ‘machinery, — 
| 


storage, railroads, and streets. A high abrup 


flood- water obstacle, but » when m the | bank is abrupt, , the cranes must be of ample 


“capacity and have sufficient sw swing to reach the barge i in pool ‘stage as well 


the top of the bank where the tracks and trucks are situated. 


next problem is a natural harbor, free from ice, and ‘situated so that. 
“aritt, does not injure t ‘the barges moored for 1 unloading and loading. In t this by 


respect valuable assistance was obtained from the Government engineers who 


aided by si surveys ‘and reviewed the plans. - When the location and plans were i 


submitted to the Government engineers the | permits and harbor-line locations 
were granted. From this stage, it was possible to estimate the cost of dr edging, 


excavation, fill, and tracks, a and thus. work back to a first unit capacity 


Added t to all this is the usual easements, property rights of and 


ngements with the railroads. 


writer has only to describe 
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_ briefly a 1 few f the problems i involved in locating a tunnadaie: terminal with the 


= 7 idea. that s some neo may utilize the experience of the company in’so far 
as it has gone. ont 2 hotis all ods adi -abiver Made Jbsbivorg 
Beye It is felt that now is the time to gO ahead $0, that when the 9-ft. stage is 

completed, facilities will be ready to. handle the traffic and to point out to 
others that there is room for more companies of a character to 
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HIGH SPE Ic SPEE 1D HYDRAULIC TU RBINES 
IN THE IR ] 


BEARING ON THE PROPORTIONING OF THE — 


UMBER OF UNITS IN LOW-HEAD 


ai 


LESSRS, Ep pwarp P, , AND iL K. Barrows. 


‘By 


Epw st Jun. “Am. Soc. C. E —The modern wheel, j 
as dev eloped by Mr. “Nagler,t has many advantages over the Francis type 
certain conditions. This is ‘clearly evidenced by ‘the large number of installa. 
ait tions of the propeller type during the | last eight years, Tt must be gratifying 
ode to Mr. ‘Nagler to realize how ‘readily what a appears to be a most radical change @ 
in wheel ‘design has come into common use. wed 
his paper Mr. Nagler takes exception to statements by Arthur | 
5a Safford, M. Am. Soc. ‘C. E., and the speaker, that, “a wheel of the high- speed Ng 
at propeller ‘ty pe was patented and on the market fifty years ago”, and that the 
“Green Mountain’ wheel patented by Jacob Truax in July, 1860, | the 
forerunner of the modern propeller wheel. was ‘intended to show that the 

_ f designed by Mr. Nagler that the ear! 
1913, ‘Fig. 57), while ‘shows ‘the “‘Truax “Green 
runner of beside > the Nagler. ‘runner of 1915, Fig. (db). A 
ogy at these photographs would seem to. make it ‘evident that the Nagler runner 
oth oe of 1915 would: recognize the “Green Mountain” ’ runner of 1860 as its fore- a) 
heir readily than the Zowski 1913 would recognize. its 


he main structural difference between the ‘Truax and ‘the Nagler runner 


is the band which “surrounds the former. Remove this and the wheels look : 


V0a *This discussion (of the Symposium on High Specific Speed Hydraulic Turbines, pre-_ . 
sented at the meeting of the Power Division on January 22, 1925, and published in August, 
1925, Proceedings), is printed in Proceedings in order that the views expressed may be — 
‘brought before all members for further discussion. 


t Asst. on Eng. Staff of Proprietors of Locks and Canals on Merrimac. River, Lowell, 


Proc ceedings, Am. Soc. C. E., August, 1925, and Discussions, p. 1032. 
§“The American Flow Turbine and Its Am. Soc 
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{AMILTON 0% on "HYDRAULIC TURBIN 


Willimanset in 1802, shows the Barber which was of 
ties, such ast the -Blagkstone and; the, Milliken, "were “built. without “bands | 


around the runner, Barber wheel is ‘most interesting because, although 


wheel |, made in Ind. The two propeller "runners ve 
Note, , also, the’ comparatively flat angle of the blades. 


ry 


Fig. 61, taken from  Bélidor’s “Architecture Hydraulique”, published in 
7 ‘Paris i in 1737, shows a type of wheel very common in those days i in Southern | 
‘France on bard River ‘Garonne and its tributaries. used 01 on low 


"more ‘of ‘the total runner area. open in axial 
yee ‘Fig. 62, ‘taken from Truax’ 8 1879 circular, ‘shows the wheel and the form | 


of casing that he recommended. _ He advised that his wheels be set in wooden 


rather than iron spiral casings, which, said, ‘cost and were Jess 
r 


The following extracts from Jacob -Truax’s “Green Mountain” circular 


a 1876 show a striking resemblance between the claims made for the “Green 


fountain” wheel and those made for the modern propeller wheel: Mm ert 


Mitt Ow ners.—Please do not hesitate, for: Dam offering you 
only yheel that is adaptable for the low and common falls, and selling a 
of the same as little water, for less than any other 


m having most gratifying assurance from > say patrons of the 
or superiority of "this wheel over ‘wheels, for 


or low falls. feguols Theat 


“for ‘mill-owners ‘that have low falls. “One half of the money that is laid out 
on a 5-ft. fall by Leffel and Risdon, or nearly all other wheel manufacturers, 

_ is saved by the use of the Green Mountain ‘Wheel, and one-fourth on a fall 
of 9 to 10 ft. There i is no material difference i in the use of water for the same 
power on the: same falls, but the capacity of the Green Mountain Wheel | is 
such that much less diameter wheel is necessary to use the same cubic feet of 
water per minute. — It being ‘so much smaller it rotates much faster, and is 
- impeded but little by back-water compared with other wheels. It will not 
out or ‘break or with anchor i ‘ice or flood trash. Its smallness is the 


_ There follows a list of thirty- three 3 installations of “Green Mountain” 
"wheels on‘falls of between 4 and 10 ft., ‘the average being 6.7 ft., after whieh 


— 
— ‘ aa at and hub do not completely cover the area circumscribed by the bucket tips. _ 
=  j. In other words, the buckets fail to meet or overlap in the same way as those fF 
— 
Af wooden ones used a hundred years ago in America. Note the marked narrow- 
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HAMILTON ON HYDRAULIC TURBINES 
“These are a of the low falls that my wheel is working on, and the falls 
are sometimes reduced one-half, sometimes two-thirds by reason of low water, © 


ae (OF back-water caused by high water, or by being dammed up by ice below tho Ez. are 

_ mills, or tide-water; and fair business has been done with some of the above. . | the 

_ wheels when the fall was not more than 2 ft. They have been run when the ~ 2 

_head- water was 12 ft. above the wheel and the back- water 10 ft., leaving but _ oh 

‘- 2-ft. fall, the wheel not being retarded except the loss of : fall, This result is sd 

not attained by any other wheel in the world, = 

__ “It is a well established principle among scientific men that velocity i 

; doubles every | four times the pressure, whether it be steam, air or water, This bate 

7 being a well settled _ fact, it will be seen, in the “absence f any additional | pees 

‘< —_— the velocity in a rotating body may be doubled by making the incline § > rene 
i at the mean diameter four times as long as it is deep, and having thus doubled . 

the velocity by this mechanical construction, it is plain that a water wheel 
of equal diameter may be made to revolve 200, 300, or 400 per minute, instead f 
> ~—am per minute, on the same fall. This is no secret, it is a plain, simple i isi 
principle, and ‘ought: to be understood by every wheel builder. If the wheel 
aa _ builder understands this little principle or rule, he will not wonder, but =~ : 
i nm _ Eureka. The fact that a 4-ft. wheel may rotate 200 per minute on a fall of 4 " » 
6 ft. will be an easy problem to him. ‘This ‘principle understood, and he will 
Gea not exclaim that he does not see why one wheel of the same size may run 4 tt, 
j ‘slow ‘and the other fast, the pressure and quantity drawn being equal. The 4 ra ry 
power and high speed of the Green Mountain. wheel is the application and 

r a use of this principle. It is constructed in accordance with this principle, FF 
and the use of this principle is the grand secret of the double and quadruple — 


‘a motion, and double” and triple power, of other wheels of its size. There are 
of ‘the Green Mountain wheels that have incline planes at 
circumference af. 4 to I have used these illust 


ae 

“When the Green wheel was first introduced, other wheel builders 

— n this locality treated me and my wheel with contempt, but notwithstanding tests 

I with energy pursued my calling, put the e wheel into use, kept the ham-— 

a mer of logic pounding, and have succeeded in driving my opponents quite out § f.. d 
of the field. Many of them now acknowledge the usefulness and superiority oT 

*: of the Green Mountain Water Wheel, saying that if a man has a low fall, and § =7Ua 

with the Green Mountain wheel they may stop trying. For compli- to th 

tache 

“Tt has double the power of.the average of the other of its 

ig the motion, and free from the hindrances caused by ice and flood trash, § “T 


can, as a rule, be placed i in a for work for 50% of the cost prope 
the average of other good wheels.” 

atements placed alongside various extracts which might , be made 


tll the articles on Mr. N agler’ s runner would show that Mr, Truax and Mr. % 
Bx. agler had both worked along the same lines and had both attained a » striking x 
‘Success in securing speeds far in excess of other contemporary types. a an 
Coming now to the “question brought up by. ‘Mr. Nagler ‘as to the actual 


speed of the Truax runner, the tests made by Mr. Nagler on his 


Pe in. model and the r results . he gives in his paper | are most unfair to the Green 


ey Mountain wheel. The t tests made by. Mr. ‘Nagler were on a 10-in. model with- 
=casé or draft- tube and under a head of 12.90 ft. The Truax 


2 out any scroll-case or 
‘wheel oe eee Lowell, , Mass., as an actual 32-in. runner that had been i in use 


— 
— 

— 

| 

4 

to the 
os 
peed 
— Speake 
ii 
Ws, 41 
2 


4 


for many years ina mill in ‘Northern New York, The results of the two tests 


are entirely different, as shown i n Fig. 64. | tis is very interesting to note that a 
the uppermost of the speaker’s curves reverses and turns back toward the origin — _ 7 


_ in exactly the same manner as the propeller-wheel performance curves i 


On Full Sized 32|In. Whdel 


25 


= 

10 In. Model 


10 20-380 40° 90 100 


the closing diseussiont of their Paper Mixed Flow 


Truax patent 1860 specified | both, The present ceasing was built to conforma 


“tached. tube is not flaring, ww again the a4 


‘¥ “Tt is interesting to note that “W. W. T.,’ writing of the ‘Green Mountain’ Ta 


-Pibpetiln wheel, realized that, with a wheel of this type a draft- tube would be wr 


- of greatly increased value. He says, ‘If Mr. Boyden would put his diffuser on _ 

one of these wheels, we would promise him a gain of more than 8 per cent. ry 7m 

would be more nearly 50.’” botia odt to 

Ls The draft- tube used was fa far from i ideal, and ‘it actually added only about tide a3 


fs Mr. Nagler’s Table 28 require es certain changes in ord er to be ‘eerileue 

‘He credits the Truax wheel with a maximum of 61% and 60 
‘speed. It attained a maximum specific speed of 98 in the ade’ he 

pee attaine a maximum speci spee in e test. ma e by the 


is 


‘speaker and Mr. Safford. This was not reached at the point of maximum 


- * Proceedings, Am. Soc. C. E., August, 1925, Papers and Discussions, pp. 1015 et seg. 
Transactions, Am. Soc. C. E., Vol. LXXXIV (1922), p. 13846. = 


| Proceedings, Am. Soc. * , August, 1925, Papers and Discussions, p. 
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HAMILTON ON ‘HYDRAULIC TURBINES 


bt ata considerably lower point (87%) 5 at a speed of 97, the 
efficiency was 46 per cent. It is interesting to note that while Mr. Nagler i 
tabulates the values of efficiency and specific speed for the Truax for the same 


both, iG his original wheel he secured a 1 specific yen of 129 at 87% sien. 
rather than the 150 of Table 2. Of course, his” wheel has been a 


= Fig. 65 is” a copy of Mr. Nagler’ s Fig. 32(a)* with a few changes 


1 Truax has | been added, and also tests a 


“on the original Francis, Swain, and a modern Leffel “Z” wheel : as designed 


by Professor Zowski. All curves are for full ; gate. Both the Leffel and =a 
wheels ‘show a considerably better efficiency “at lower gates, but the ‘specific 


speed becomes less. An inspection of these curves will show that the Leffel 


wheel shows a greater | advance specific speed the original 


Francis wheel than the beyond the Truax wheel. 


Leffel Z| 1914 


fi ida 
CURVES OF | in 


20 40 60 80 100 120 140 180 200 200 240 
It i is granted that. ‘the. efficiency of the Truax wheel was low. yh It must b be 


hay 


however, that its ‘efficiency, favorably with that 


‘of the United States w thd and Rose in 
-mills, and tub or scroll wheels in grist-mills and other small shops. 
undershot and overshot wheels were used, of course, but ice conditions were 


8 such as greatly to restrict their use. _ The “flutter’ ' wheel probably g: gave an 
efficiency . of from ‘15 to 25%, the Rose wheel considerably more, perhaps even 
as high as 60%, while the tub vand scroll wheels r laiasel n from about 20 to 40 per 
¥ ais, Me., the 
speaker ran a test on an good ‘example of wheel. n efficiency 


| was obtained on jacks batt, caval to about 36% -shaft. 
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HAMILTON ON "HYDRAULIC TURBINE 


little importance; ‘power what was ‘requires 
At the hiae the Truax wheel appeared, aside from a few tests in ‘Philadelphia, 


-Pa.,, in Lowell, and i in France, _ the testing of water- wheels was almost ae 
It. was not until about 1870 that sy stematic testing began. to 

The Truax wheel delivered the required power at a a high wheel speed. Its ” 


maximum specific speed of 98 was delivered at 37% efficiency, but it gave a 
vecifie speed of 90 at somewhat more than 50% efficiency, an efficiency which 


exceeded that of the great majority of its contemporary wheels, | Testing 1 the | 


_ wheel w ithout the flaring | draft- tube, as undoubtedly most of the Truax wheels me 
ere set, still gives a specific speed of 80 at 43% efficiency. 


The wheels of t the § Sixties were not operated at ‘their point of best 
efficiency. igs: The a average miller or millwright hardly would have known the 


‘meaning “of the word. wheels were operated to get the power. The maxi- 
_ mum power shown in. the test made by. ‘Mr. Safford and the speaker was de- 


_ veloped at a specific speed of about 80 with the draft-tube and 72 without ‘it. 


; _ Unquestionably many of the v wheels, particularly w hen under back-wa water con- 
ditions, » were operated at still higher specific speeds. 


By The Truax w heel of 1 1861 undoubtedly had a high specific speed for its time, ei 
1 this certainly wa was not exceeded until after 1910. The speaker feels justi- 
fied in stating that a specific speed of 90 was attained, and that this speed. was” 


"attained a at an efficiency wh hich was ‘more than ample to justify the commercial 
use of this wheel. Accordingly, Mr. Nagler’ chart of specific speed Cg. 82), 


d 
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"INCREASE IN SPECIFIC SPEED 
_____OF WATERWHEELS 


A 


= 
pam 2 +s put) p be 


. Nagler has: developed a crude wheel of | sixty years ago into a ¢ com 


ial. pe of wheel that satisfies | present-day requirements of efficiency, 
_ mechanical construction, and great credit i is “due him for this. e; The speaker’ -. 


on only « contention is that Mr. _ Nagler has not Semunted a new type of water-wheel, 


but that he has improved an type. 208.01 
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K. Barrows,* M. Am. Soc. E—The speaker has been much 4 
Be ested i in the p paperet presented before the Power Division; the data, particularly | 


—— for high-speed turbines, furnish information of value in the study of this type _ 
4, 


~ 


For comparison with wheels of lower specific speed the has prepared 
ig. 67, is plotted specific speed, N, against the} power 


coefficient of the wheel. latter i is . sP win the equation, arf 


or it is the power by a 1- wheel a head ‘of. 
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fis based on Outlet Diameters 


-—RELATION oF ‘Spectre SPEED AND POWER Coxrricrenr. 
Fee, 


om data of a large number of American - 
makes, “Tt is an average curve, hence individua 
ite 


will ‘depart | somewhat it in both directions. 


* Prof. of Hydr. Eng. Mass. Inst. Tech.; Cons. Engr., Boston, Mass. cat di tt 
‘Proceedings, Am. Soc. Cc. E., August, 1926, and 
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me Bi is an n approximate curve based on the data by Mr. 
in Table 1* (numbering the wheels for convenience from 1 to 8, inclusive), 
Mr. . Nagler in Fi gs. and 8t (the latter numbered 9 and 10, re 
spectively, on, Fig. 67). The point “numbered 11 is for the Nagler x Tu 


the Plainwell, Mich., plant. / + AG «i Lach) 


first glance it would appear that the propeller type of wheel delivered 


ower for a given diameter an nd head than the ordinary 


4 


¥ 


_ tion ohel.: This is s due, however, largely to the different ‘manner in which the Eas 4 


wheel diameters are “measured. _ With the propeller type. the nominal wheel 


is approximately equal to the outlet diameter. With the ordin nary 


reaction wheel the ‘nominal diameter is measured at. the entrance and 
considerably less. in amount the ‘outlet diameter. outlet diameters 


are used in plotting the VY, — - P,, curve for wheels. as. shown in Curve 


—¢, Fig. 67, it will be seen that the two types of wheels are not greatly incon- - 


sistent in ‘this respect. specific, speeds approximately 100 to 10, the 


4 


propeller type still “shows a somewhat less power coefficient than the ordin; , 
Considering as a form of orifice, it will be seen. that for a 


' given area at the outlet there chon’ be a similar discharge and power for any 
given head (at, say, full gate) provided efficiencies are the same, As the 


< propeller type is ‘usually about 5%: less in efficiency than the ordinary reaction 


wheel the power coefficient of the former is bound to be somewhat less. say 


_ The relatively Peak of the load- efficiency of the pe 
of wheel renders i cou: 
run at part load, as is usually the case. While. ‘some, 


it may be practicab to run a propeller type. of wheel at 


"gate, the speaker agrees that this is likely to be difficult of attainment with the | 

ordinary hydro-electric plant 
* Proceedings, AM, Angquat, Papers one } p. 1004. 
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) ST. LAWRENCE WATERWAY TO THE SEA 


Parsons, “Am. Soc. E. biggest engineering project 


6 ine discussion concerns the development of the St. Lawrence River. 


~The project. contemplates the canalization of the river sO that ocean- ‘going 
vessels : Is may enter the Great Lakes, and the development. of hydraulic power 


has been written end! about the St. Lawrence ‘project, but a 


proportion of it has been propaganda designed awaken popular 


& The canalization of the St. Lawrence and of the rivers joining the 


Great Lakes, coupled with hydraulic power development, is such a gigantic 
undertaking that problem requires intensive study based on facts: before 


ng 
immense river, in a "eld? climate and a low: ‘Water 


facilitate coffer- -dam construction, is ‘not ‘the only ‘problem. A greater 


difficulty is that of. “correctly conceiving fut conditions of ‘finance 


trade, in order that the completed | project ‘may be of greatest National 


The | northern part of the Middle West is country, it has 
i “big” growth—even phenomena —and it is easy to comprehend. why its. people 
should be interested in a a “big” undertaking. Projects of g great magnitude 
always have to go through a long ‘period of discussion and duplication 


investigation. robably it is right that they should be subjected to such 


 serutiny, as to remedy an oversight, error of judgment, or mistake i in applica- 


4 
tion would be ‘most costly on once the “wo orks were started. Mistakes. and ors 


usually are, "attributable to a lack of clear understanding | appreciation 


prineiples. Tt is easy to sink ¢: capital in an enterprise which 
will not pay a return on the investment, _ whereas” it is difficult to —— 
ature requirements in an age of ‘progress, such as the present. 


paper covers the chain of the Great Lakes as well as the St. 
River. The speaker concurs with the author regarding benefits ts that would 


, init from a proper regulation of the lake levels. Hei is ie able to follow the 


oe assumption that ocean-lake transportation cost will 2 approximate the a 


ss * This discussion (of the paper by Francis C. Shenehon, M. Am. Soc. C. E., aay 

at the Fail Meeting of the Society, Detroit, Mich., on October 23, 1924, and published in 
- September, 1925, Proceedings), is printed in Proceedings, - order that the views expressed 

be brought ‘before all members for discussio 
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ENCE WATERW TAY TO THE SEA 


pre esent co 
oon by ‘disinterested. parties. pe He is not in accord with the author on = = 


i. costs of construction, as mentioned i in the paper, because | he believes they will | 


be > greater than stated, , and also. because the costs of deepening lake harbors © ay 
and of building harbor protection works and dock facilities have not been 


given sufficient consideration. Nor he enbseribe to the conclusion that 


hydraulie power development the waterway subsidize canalization, 


- because it is by 1 no means certain that the Governments of Canada and of the 


United States, after constructing such power developments, ‘operate or 
lease them for the purpose of subsidizing navigation. brief, he believes 


“Neat 


the paper an “excellent introduction to his argument, namely, that 
the whole subject should be fully considered by an International Commission - 


The speaker has believed that ; any ‘roject which benefits a 


in other s 


and different they are linked | by economic 
_ in such: a manner is — 


a The entire project is in projects 
a ship canal through the St. Lawrence to Lake Ontario, utilizing such power a 

_ as can be generated at the dams , remodeling the | ‘Welland Canal, and deepen- 
ing interlake rivers and ! lake harbors by dredging and by lake-level regulation — 


and, second, an hydro- electric power development between Montreal 
and Lake Ontario , using the ponds above the dams ‘for navigation purposes, 
y while the remodeling of the Welland Canal and the deepening of the Jinterlake _ 


id Briefly, ‘the questions | are: Should navigation. or power generation the 


primary factor in’ the development ‘of ‘the river between “Montreal the 
— outlet of Lake Ontario, ‘and, which primary consideration w ‘ould be the better 


for ‘the: States and the Dominion? These two. "primary: factors, 


} Bi 
-elos ely rela Af 


ely related, ‘should be kept separate, Dams best suited for canalization 
necessarily would not be ‘the same ‘in height. or location, as those w where power 


The St. ‘Lawrence is the natural drainage ‘outlet of the Great Lak 
These lakes form: immense reservoirs, so > that the yearly fi ow of the 


Ontario; is a few with: a maximum at intervals of about 5h 
The uniform flow. of the river is a condition favorable for power development, 


2m it will permit the use of units of | large capacity with a steady ouput. hei 


a this respect the St. Lawrence is unique, its normal flow being greater than — 
of any other. tiver on which power can be developed advan- 


\r 
| 
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direct service from it. Prosperity or depression in one section is reflected 
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PARSON Ss ON ‘ST. “LA WRENCE ATERW WAY T TO ‘THE SEA 


‘flood and to the minimum. of other large 1 rivers as 


ghown in Table 5... aq off hos an 
as 


OF FLow or Sr. Lawrence Rw 


Su quehanna, at McCall Ferry, Pa.. One- fourth 100 times greater 
Nile, at Assuan Dam, E Aye Banal 

Hudson, at Mechanicville, N. ¥. P 


ods more favorable to the St. Lawrence than is apparent 
the data ‘given, because the maximum flood discharges last only a few 


hours whereas the flows approach the minimum for an appreciable part of 


This remarkably uniform natural | flow can be improved by regulation, 
works near Lake Ontario. It has ‘been. estimated that the flow can be 
trolled between 210 000 and 280 000 sec-ft. Such regulation would be ‘of great 4 


benefit to both navigation and power development. ‘ef 4 


The best available figures on flow of the St. Lawrence River, as 


a 


‘ ‘Maximum discharge. . .820 000 ft., or 152 


Mini um « 191 000 


High water in ‘Lake Ontario (1870), feet. 248.95 


‘alt ody ean level of Lake Ontario (1860-1923), in feet........ - 246.15 15 


Extreme, low water in Lake Ontario (1895), i in feet. 243.41 


Discharge at mean level, in second- (24 


Increase per foot rise of lake, in | second- feet... i 500 


Entire area of "drain: 298 8080 


which the water is, in 95160 


54 


“aay The area of the drainage basin: j is divided between the United States an 
ter 950 sq. miles 


In.Canad one sai dooquers 
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of its effect on the is of minor 
only affect hydraulic works near Montreal. it) arin KO 
9 Some international discussion has taken place i in regard to the 10 000 see- = 
= by the City of Chicago, Ill., for its Drainage Canal. However, Lake © 
Michigan is the United States and | ‘its basin has an area of 


this taking of the general water surfaces of | the lakes Michigan; 
is a condition affects: Canada as well, as other places in the 
‘United States besides Chicago. The surface levels the lakes (except 
Superior) appear to be lowering. This may be due to deforestation a nd to 
deepening of ‘the channels” connecting the lakes. This subject: ‘should 
officially studied. lake- level regulation works are 1 required, they should 
built at once, as the gradual shallowing of channels: and harbors. is a serious | 


The Canadian Provinces of Quebec and Ontario have an area of week 
_ 563700 sq. miles and a population of about 5500000. The States bordering — 
on n the Great Lakes (excluding New York and. Pennsylvania, because they 
would benefit but little by the canalization) are “Minnesota, Wisconsin, 


population 22 500 000° or about | 22% of the tc total population. 
If the grain-growing states of Kansas, Missouri, Nebraska, Iowa, South 


Dakota, and ‘North Dakota, are included as being benefited by the canaliza-— 


tion, then the area mentioned would be increased to 765 860 sq. miles and the _ 
population to 32 900000, which would be 25% and 31% of the corresponding g 


figures for the entire United States. wots ypailt silo Jdyi 
As 3 years. pass, this nation’s demand for foodstuffs will become greater, and 
dese: surplus: will be available for export. Possibly, the Dominion. will have 

surplus grain for export, when that of the United States required for home| 


Even under most favorable conditions only a part of the grain other 
export business would « seek an outlet via ‘the St. Lawrence, and the question — 
4 iss “What part?”, The business i is ‘largely. bulk freight. Return “cargoes 


would be largely package freight, requiring different conditions 
tos Going from Lake ports via the St. Lawrence rather than ‘via New York — 


saving’ in distance to. Liverpool i is about 450. miles. and to Southampton 

about: 225 miles. There is n 
Physical disadvantages—ice and fogs, ‘dangers due to narrow channels 
“locks, and. increased insurance—would offset the gain in distance. There 


vould be, however, a saving in transshipment, and possibly a ! ‘eleaning: of ship 
ottoms, other sea-water growths would have a tendency 


The question then arises, ‘ “Would th 


Papers.]_— PARSONS ON ST. LAWRENCE WATERWAY TO THE SEA 1691 

| —_____ The only tributary of any size is the Ottawa River, part of which enters 

: 

as for the entire basin of the St. Lawrence, namely, 0.8 sec-ft., then 
the Lake Michigan Basin contributes to the general flow 55232 sec-ft., or 54 | 
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P ARSONS Ss ON AWRENCE ‘WATERWAY ‘SEA 


ratlic make it worth while for ocean- poisig: to the St. Law- 
rence?” bi The distance from the Atlantic Ocean to Montreal, via Cabot Strait, 


approximate distance from to the ocean is 2 040 miles, va Cabot 
‘Strait on the south of Newfoundland, and from Duluth, 2139 miles. te ‘These 
distances would be increased aboit: 200 miles via Belle Isle Strait on the north 
The speed of vessels using the canalized river probably would not exoeed 
! ae. miles per hour, while delays at the locks, and loss of time through fog would — 
_— diminish the average speed below this limit for transit from the ocean to Le Lake | 
Ontario. Assuming that loss of . time by reduced speed and delays at locks 
vould be compensated by increased. speed while traversing the open water “a | 
the Great Lakes, a vessel would require about 11 to 12 12 days. for passage from 
oF The St. Lawrence River is closed to’ Sovinetbon die ice about four months ~ 
adil year. Practically the foreign shipping season would be about. ‘seven 
bi: - months, as ocean 1 ships would leave port before there * was danger of closing and 
would. not enter until after the river had been ‘opened. 
he lake» trade has developed aw vonderfully efficient type’ of. vessel. ‘These 
vessels can carry ¢ about three times 1 the tonnage on the. ‘same draft asa sea- going 
ee oe vessel, and their large hatchways permit rapid loading and discharging of bulk i 
cargo like grain, ores, or coal. It is not. uncommon for a lake freighter to 


10 000 tons of iron ore in 3 hours wit with four -ton electric buckets, 


vie 


| 


~ 


? = ton capacity from | two to three times that: for lake steamers. . To- -day’s. lake 
freight” charges: per ton-mile, therefore, are not applicable to vessels that are 


suitable for trans- -oceanie service. It might be possible to develop. a 


- of vesse so to speak, between sea- going and lake types— a 
but could designed vessels. afford to be laid up. fori ‘more, thar an 
one- -third of each year while the waterway was ice- -bound _ 
The Lawrence below Montreal has a minimum depth of ‘about 30 ft. 

n Montreal and the outlet of Lake Ontario, the river is navigable in 


‘part, Canada has” a series of. canals about 14 ft. deep” around natural 
obstructions. The Welland Canal has depth of about 25 ft., with ft. on the 


by Before “undertaking the canalization of the St. Lawrence, primarily for the 


it for a project that was not on sound 


is little doubt that the full power of the river is. “ae or soon will be ne needed, 


— 
— 

4 

ice > 
— 
— 
— _ time. This speed makes a quick “turn around”, which is an economical feat = 
marine transportation. Ocean navigation is more expensive than lake na 
mo 
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PARSONS ON st. LAWRENCE WATERWAY TO THE SEA 


“Should not 


“the river be developed to. for power then 
use the pondages. for navigation?” eed olidw 


2 e St. Lawrence w water powers yng equalled by any river in North: 
7 ipa’ Its nearness to a power market is undisputed. There i is little danger 
private interests calone will benefit. The will safeguard its 


question that the cost of development by private enterprise will be less 


by the Gov ernment. As interest on the cost forms one of the largest items of — 


- annual charges, ‘it is -elear that the lower cost will make cheaper rates for 

ve “Rated pow er of prime movers in the United States is growing more on 


than the: population in other words, there is more horse- power per ‘capita 


“now than formerly, and there will be ‘still: more in “the: near future. The 
"Federal Power Commission has compiled data as chown in Table 6.* 


TABLE 6.—Dara Rewative to Poputation AND Power ConsuMPTION 1 IN THE 


Population 85 000 0 92 000 000 109 000 000 118 000 19 000 
0 
0. 
The figures given are significant. 


movers per capita 890 % , and wil 
inerease in 25. years (1905. 30) 110 per 


lowe 


he figures in detail: indicate decrensinig horse- ‘power per 


central ‘stations. figures show the importance: 
; large central stations for the generation of power, with their inherent. = ie 
- mies, and the demand that will be made on the St. Lawrence for the utilization _ 
oll he chief link of the project is the - 182 ‘miles between Montreal and Take : 
‘Ontario. As the lake is about 247 ft. above mean sea level, and as the: river ; 
; at Montreal varies in depth from about 16 to 23 ft., the gross available fall a 
is about 224 ft. Of this. reach of the river, 113 miles, , with a fall of 93 ft. > ae 
forms the International Boundary, while. 69 a fall of 181 ftjuisy 
entirely. within the Canadian. border. In brief, 62% of the distance and _ 
of the power is divided equally between the. ‘United States and the 
‘Dominion; and 88% of the distance and 584% of the’ power is owned entirely — i 


the Dominion. Therefore, the United States, or more correctly. speaking : 
“Super-Power and Its Public Relations”, by Hon. Military 
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ON cE WATERWAY TO SEA [Papers 


the State of ‘New York, owns 202% power, while the Dominion ‘owns: 
198 per cent. The State has riparian rights | covering 62% of the total dis- = 
tance; while the Dominion has rights covering 100 per cent. oft Ws 


On the basis of a mean flow of 210000 sec-ft., a total fall of 994 
between Lake Ontario 4nd Montieal 1, and an efficiency of 10% (to allow for 
mechanical losses and losses of head that cannot be recovered), there would 


be 8 741 000 potential h. This estimate is subject to refinement by load 


factor, diversity factor, -transmission- line losses, conditions| governing a super-- 
power ‘system, and loss of water due to lockages by passing ships. 


works would: increase the available horse- “power, as the lakes would be storage — 


Of the total stated, the Dominion, with : a fall of 131 ft., has about 2 188 000 
~The power that lies on the International Boundary has a fall 
of 93 ‘ft., which would give 1 558 000 potential h.p., of which the State of 


| New York (or, the United States) would own one- “half. 


Sai There would have to be an agreement between the United States, the State 
of New ‘York, and the Dominion of Canada, construction 


were undertaken, ‘either for ‘eanialization or 


lands , the United States 
lake ports and harbor protection’ works, — as well as its share of blasting a and — 
- dredging the interlake rivers and canals. If the - canalization were re made for 


30-ft. draft and the full hydraulic total cost, to both 


Governments might excee mnsmis- 


fot ‘There many vital questions te be settled, such as, as, what ‘shall be the 
“depth of canal? Shall it be for vessels of 21- ft., ‘ 25- ft., or 30- ft. 


loaded draft Where should, the ams be located? i is the geologic 
structure at the proposed sites? What is to be size locks Should lake- 


level regulation works be constructed? What, should be the rated capacity 
or. generators? factor can, be. expected 2 What’ would be the 


Py 
speaker believes. that both. Governments should unite in the: appoint- 


‘ment ‘of an International Commission, "composed of the highest grade 


engineers, which should outline its reeommendations in interim reports. These 
interim, reports s should | be published so that constructive -eriticism might be 
received, When. its final report is accepted, an agreement: between the 


A a 
Governments i is reached, the works could be started. If a “plan and policy” 
comprehensive development. of the St. Lawrence wéte adopted, - there 
would be no good reason why part eould not be done by the Governments and 


; “part by private interests, should such a division be deemed the e most economical — 


Tete the investigation be full, ‘beediase’ ordinary ‘propaganda will not ‘ finance 


a great undertaking. Pacts alone must guide those seeking the solution of a 


complicated problem. oH all bas 
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SADLER ON: ‘ST. LAWRENCE WATERWAY TO THE 


f a public 


Esq- —In all large undertakings, especially. those o 
character, and conflicting interests are bound to be involved. “When, re 


affect international as well as sectional interests are 


in addition, projects that 
_ introduced, the field: for. discussion and criticism is expanded still further. 


a herefore, it in the case of the Great Lakes- ‘St. Lawrence Waterway, it is only 
Aba ax 
‘natural to expect not only criticism, but opposition, and from its very a 


oppositioft of a somewhat violent character. 
_ Although it will be generally conceded that certain Points are debatable, ; 


n account of the mass of facts which e ean be summoned to ‘support each side 
f the ‘controversy, it is necessary. that, in order to receive ‘any consideration 
the argument, the facts, as stated should be true. Joh Otherwise, the a 


fabric, although for a time | appearing to. be substantial, must eventually co 


lapse, ‘as. ‘its foundation rests on a quicksand of imaginations or mistakes i fa) 
of old time once said, “Would that mine enemy would write 
book”, an in connection with the project cunder discussion, many books, 
ic 


proposition. In this mass of literature one fins 8 numerous statements which, 
are misleading and others that are absolutely ‘untrue, 


an > say the are mis 
ao In this discussion the speaker proposes to deal ‘simply with matters affect- 

Tht ships and their operation, and leave the other points of controversy, which 4 


involve power developments, international and sectional questions, | to those 


Tah 

whose training and experience qualify them: to pass an opinion; if this method 
the past, the amount of of hath in the wheat of the literature 


had been followed i in 
would have reduced considerably. 
some of the 8 statements may have appeared before, ‘they 


Perh haps one of 

in the q questions relating to the engineering features. and those of transport 
annels and canals. 


os “tion meet, is in the question of depth of water in the ch 
‘into 


‘This ultimately | affects the draft available for ships. Rather than go 
will present — 


_ mass of figures and technicalities as to sizes of vessels, the speaker 
the actual facts of overseas transportation, or show: 9 what the world has done | 

very maritime country in the world has several ports that may be classi-- 


fied as “major” and “ An examination of “Lloyd’s Register of British 
will shaw, the depth of 1 water available in every part 


and Foreign Shipping” Wi 
the world, With comparatively few. exceptions this depth varies from about 


truth. 
th e ‘most at whieh those are 


ft. for r the 


30 ft. ‘to 24 ft. for the major ports: and from 24 ft. to 14 
\ 

facts such. as the following: “24. ft. is the minimum draft 
ig h ie n be: operated profitably”, « or “there are no yenaels * * * profitably. oper- 
? ated in ocean service drawing as little. as 18 ft. ”, or “all sizable ships engaged © é 

bu 


Prof. of. Marine > Eng. and Naval Architecture, Univ. of Michigan, Ann aaher, Mich ft 


— 
4 
a 
of the literature; and, second, because such repetition may help to brand as 
a utterly false certain other statements that may have passed muster as the [im 
| 
a 
— 
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in commerce draw in excess" of 30 ft.” OF, again, “the average 


ocean-going vessels is from. 30 to 35 ft. trroo bite (tok 
erent mass of the world’s commerce is. not carried by the Leviathans, 


Ma and a a matter of fact 


more than 10% is “carried in of less 000 tons or, say, 500 tons: 


-: dead weight, and on a draft of less than 25 ft. If a channel 30 ft. deep is ‘pro- 


eee it would be available to nearly 90% of the vessels of the world. ~The 


figures ¢ can be verified by reference to ‘ “Lloyd’s Register”. od A 

aN - A great deal of ‘comment and shiention has been made to the fact that even 
pee aN with a 2 25- ft. channel, the speed of a, vessel would be considerably reduced. 

on Others have made it appear that at least 5 to 6 ft. of water would be Tequired 

below the keel of a vessel, to maintain a speed of 12 miles p per hour, and from 
this they argue that a a draft of only 19 to 20 ft. could be used. on a 25- ft, 
channel. Although it is true ‘that, in restricted channels and shallow water, 

‘the would be reduced, even to, say, ‘miles per. hour, the percentage of 
time so lost as compared with the whole voyage is is insignificant. What again — : 


ts the experience of vessels operating in the open “seas? ‘Iti is common knowl- 


edge that through s stress of weather, fogs, ete., vessels are often delayed one or 4 ¢ 


: a4 two days or even longer on a given voyage, and yet vessel owners do not — z q 
Up their business because of this fact ‘It is absurd therefore to state that a a 
haa requires 5 or 6 ft. below her keel to maintain full speed through chan- " 


if this were possible from other consideration as to the canal banks, 


ith ships rigid that owners will load 


‘their the maximum safe limit of draft, and take the small delay 


to reduced speed. The profit due to the extra, cargo thus carried would seem 


rox 


reat Lakes 
operate through the e shallower channels, not feet of clear- 


Ons 10 


4 
olehill 
speed over an part of a when one 


considers that the average speed of a freight train is 4 miles per hour, 
or less, when terminal and other delays are taken into account ; and yet 
speaker ventures to suggest that, in ‘proposing a ‘new railroad, “these delays 


would not deter its construction. 


Another objection has’ been raised to the proposed Waterway, in “that it 
would be open for only about Th months i n the y year, ‘and, ‘therefore, that the — 
business would be seasonal. With the exception of the trade by regular liners 


to the ports: the world, all ‘the general, ocean trade is seasonal, 


peaker ‘that: operating a freight ‘vesse 


itself did not require much effort, but the really successful ship- -owner the 


ad 


i ‘man who knew the geography of the world and where cargoes were to be 
-at different times of the ‘year. One need ‘only éall attention also to the cane 


trade where somewhat similar conditions pertain. 


Cargo: vessels to- -day are 1 navigating the whole si 
tances, ev even in ballast, to To argue wou 
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attempted service would be entirely and uneconomic’ 


vessels, make, without any of. call, it is inevitable that the great area 


_ the: Middle West economically adjacent to the Great Lakes, with its numerous 


- ports, , and with a tremendous producing and absorbing ‘power, would prove an 


attractive ‘and profitable field for the cheap form of transportation offered 
ships. Again the speaker would call attention to the s successful ‘operation of 


vessels from the eastern coast of the e United § States to the Pacific ports, in com- 
UO) 
petition with the much shorter rail haul, to emphasize the fact that actual dis- 


ek Finally, also, even with the restrictions of the ‘present Welland Canal, with ye 
:. limits of about 250 ft. in length a ind 14 ft. in draft, Norwegian, Swedish, 3. 
Danish, Canadian, and other vessels have been operated in the past and are 


to- o-day operating through the Great Lakes. ‘This last consideration 


t.. of 801 (ay 
another argument, of a somewh 


with thes! of the Great Lakes, or that the usta could not operate on the open 
8 All - the world over there are ‘special types of vessels designed to do speci Cc. 


work. tf changes were made i in design that they ‘would be a compromise 
| different sets of conditions, they would probably be failures in . ee 


both. The lake freighters are the last word in a of vessel especially 


- developed to do the business of carrying bulk commodities, such as iron” ore, 


he 


- coal, etc., in the most economical way, _ between the different lake ports. Their 


: _ business is is on the lakes, not on the ocean, and experience s shows that, even with © 
the’ bogie | ofa restricted season, , they can be run profitably. To alter the design 


to allow them to go to sea would be suicidal, and almost as as to suggest 


putting: a passenger of the Day Line into the North 
‘ Atlantic ate, when the summer excursion season was over. No, t the 
reat 


eign. vessel, she could not, , according to shipping engage 
inter- lake commerce; but lest the opponents’ arguments ‘should be taken too 


seriously, the speaker will quote two which are destined to appeal to the sense 
of humor of any one connected with ships. first is as follows: Asi 


“Lake vessels with their flat bottoms: a capacity of 14 000 but 


Ag 
ocean- -going vessels with different keels would-be limited to a capacity of not _ 
1, The shape of the mid- ship § section and ‘the bottom is identical in both ake 


and ocean cargo vessels, and although some of the former may be of a little 


fuller 1 form at the ends, there is absolutely no difference for the ‘middle body. aren 
me in criticizing a statement in McElwee and Ritter as_ to the cost. of a 2 | 


large lake vessel, an enthusiast makes bold to say* * that ‘ “the present cost of 
such a vessel is about $400 000, or a little over one-third of the amount stated 
mus 100 000)”. a’ At one time, , befor e the ' World War, a vessel of 10 000 tons was 
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‘SADLER. ST. LAWRENCE WATERWAY TO THE SEA 


<a built for about the sum quoted, but not since then, as any one can find out by | 
inquiring of any lake shipbuilder. Consequently, ‘the ‘criti¢’s statement that 
the figures quoted in the book are ‘ ‘utterly, unworthy of trust”, should be 
politely returned to him with the suggestion that it is always the part of wis- . 


m to make sure of one’s own facts batons contradicting others that 
% “A final argument which i is somewhat rela ed to the foregoing, i is that ships - 


a peculiar type. would have to be specially ‘designed for this : service. This 


is ‘nonsense beads’ any vessel within the limit of draft available could use 


; the Welland Canal and the great open ‘waterways of the Great Lakes, in ‘pre- 
; a the same way as it does at present all over the world. One does not . . 


- Pisa hear of specially designed vessels to navigate the Delaware River, or the R 


s for « some particular class of work 1 


La 
‘ship- builder, is more he being: called o on to 


EAS 


Most of the coasting ty pes and lake package freighters could be 
for. coastwise service on this route without | any modification. — Perhaps on 


ea might interject the ‘thought here that, | after all, large numbers of the trans- 


ie Atlantic liners are very specialized types for that. particular trade and, as such, 
do not represent ‘the trading vessels of the world. _ tout. tt py 


‘ii 
-Inasses of ‘minute computations, or timid predictions as to the future, but from 


a common-sense “consideration of what vessels. are actually doing to-day all 
the world, and from past. experience of due to inc increased 


1 .—There i is nothing to hinder existing sea- going | vessels up to about 7 7 500° 
= dead weight, or even a little’ higher, from utilizing the proposed St. Law- 
rence route to reach the great ‘productive Middle West. how bas tesa 
 2—Delays from locks, fogs, ice, and reduced speed i in shallow waters, repre- 


are e difficulties that | have fallen to the lot of the ship-owner from time imme- 


morial and. form no serious s obstacle. Fog particularly is rapidly losing ‘asl 


with recent developments i in submarine signaling. 
—. 8.—Vessels will always go where trade i is to be had, irrespective of the fact 
er it may take 2 a little longer to reach a 1 certain destination; and the co 
with its numerous. lake ports, has” already shown its productive and 

absorbing power, as reference to trade statistics will show, 


‘special types of vessels for the intercoastal trade should be desired 
eee any, specific purpose, their design would present no difficulties. In this 
connection, , it , may be: remarked that the actual coast line o of - the United States — 


Canada available for. -coastwise shipping will be increased ‘thousands of 


oe _miles by opening up the Great Lakes to the Atlantic Ocean. This alone ha 3 


Res 


em mous | possibit t ies, for, increased, trade, 


The following general conclusions may be drawn, not necessarily from 


senting only a small percentage of the time of a voyage ¢ of an overseas vessel, 


a 
q 
| 4 
— 
Ww 
UU or the Suez or Manchester Ship Uanal waterways where ships take the th 
time and risk of restricted navigation in order to reach the final port. It is an 
nevertheless true that vessel ight require pe 
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In conclusion, and referring again to past is the man with 


x. the broad vision, undimmed by the immediate. existing order ‘of things but 
3 looking to the future, who has been responsible for the progress of the world. 
_ The United States and Canada are new countries still possessing treme 
dous possibilities for future development both in. material and population. 
Cheap transportation i is the essence of trade, and the speaker ventures to sug- . 
> gest that, in the years to come, the proposed Great Lakes-St. Lawrence Water- 4 > 
way, the New York State Barge and Erie Canals, and the Mississippi Rives 


a will not only Prove. inadequate for the tasks imposed on. thems but that er 


the two countries; 3 and, as now, the two great banking centers of 


of 
: and New York will still continue to feel _ an enhanced benefit from a pros- 
ven t 


WILLIAMS,* M. Aw. Soo. C.F E. 
an n extended deseription of — 


perous and busy though they a few. dollars 


—In this “paper: ‘there i — 


vod Much convenient data regarding } present conditions are furnished. The 


Pat, Lay 


_ references: extending back -twenty- five or thirty years, showing the author’s 


Although the author (page 12614), ‘refers: ‘to the control works 0 

‘Niagara River for the dual purpose of maintaining the best available depths, 
and, at the same time, of creating storage for water power in the Niagara 
St. ‘Rivers, he does" not make it clear in this or in’ the varied 


eon 
spetfial phases of the are with 


er power ‘shall be 
ate to navigation requirements. ot The accepted principle | om that water power 


In the following discussion the ‘speaker desires to 


under their respective headings. at OTR PBS 
‘The Subsidizing Navigation’ by Water -Power—In the ‘paper it is 


stated, numerous places, that water “power should subsidize navigatio ‘ 


* * ‘that the construction of this waterway i 
that a demonstration of its commercial 
1268. 


§.—It is absurd to talk about competition between special lake types and 4 
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| Proceeaings, Am. Soc. C. H., September, 1925, Papers and Discussions. 


bathe is of the Rapid the St. Law 
 Cineetied to the Sea has in the first decade a commerce of 5000000 or Be 


The therefore, a commercial p project and 


United States does not need to contribute toward its cost.’ ot 


The ‘adva gation by 


are gained at a corteeponding sacrifice of the rightful advantages 


‘ ie 
to ‘power. Both navigation and powe er are important necessities. There has 


been a great deal of looking “forward advantages to be obtained from 


large quantities of power commercially developed on the St. Lawrence River. 
No general advantage is obtained by helping navigation at the expense — 
fn tn With a liberal supply of power ranking | high as an essential of economic — 


ae 63 welfare and modern comfort, and with navigation a prime necessity, it is well x 


to consider. the benefits derived from each, and also to consider financing { that 


will not sacrifice the benefits to be derived from power to the cause of navi- 4 
gation, important as navigation is. subsidizing of of navigation by water 


ike power, as advocated by the author, is ‘opposed | to this and. is ‘open to serious: 


<2 Comparison of Waterway Improvement with Cost of Power Development.— 


‘It is s important to note the trend in plans for. the improvement as shown by . 


a comparison of the Government Deep ‘Waterway plan for navigation, le 


4 
a Joint: Commission in. 1922. the first "plans, “navigation 


42 alone was | considered. ‘The scheme was to improve the International Section — 
of the river by a series | of dams- and locks, to construct a channel 80 as 


to reduce the velocities to conform m with the requirements of navigation. ie 
was not planned to extend the dams across the river, forming power dams, and ~ 
thus change conditions by flooding. _ The total | cost of such plans, revised to 


25-ft. drait, in 1918, was estimated at 9627 72. This estimate is doubtless 


3 
low on the basis of current prices. rt to. olyinatag oft 
me _ The plans of ‘the engineers reporting to the International Joint —, J 


the ‘elevation extensively, and power possibilities of 
almost 2.000 000. hp. | Such plans are natural in view of the trend in the , 
power industry. The tremendous growth in ‘the demand for electric power 
the improvements in transmission make. it. feasible to. develop the St. 
_ Lawrence power at this time, whereas, at the time of the early studies, such 


he tr e earl 
development was out of the question. ¥ ‘The ‘cost of the ‘International Section, 
according to the engineers’ estimate, is $201 850 583, of which $135 047 264 
chargeable to power. Thus, it is seen’ that with naviga 


Ca tion alone i in view, may be had for about one- -fifth of the present- -day ag 


Line 


for the project. Incidentally, in the ‘Present- -day combined project 


cost is chargeable to power, 
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‘No one desires for this river waterway improvements that ‘cannot b 


»> 


adapted to ‘the full “utilization” of power. Similarly, “no ‘one desires water- 


improvements ‘that do not fully conform: to navigation 


Secure, power and to secure navigation. This” unique proposition as ‘offered 


i 


urges undertaking a ‘navigation project combining with it. a power ‘project: 


“costing from four to five times the amount of the navigation project alone 


and, ‘incidentally, making ‘power ‘pay for the entire improvement. 


New Y ork State’s Interest in Waterway— —In recent years, New York 
Pa! paid more than $160 000 000, without ou abide aid, to connect the St. Law- 
River’ aiid the Atlantic Ocean, for the purpose of lowering rates and 


for ‘carrying American shipments through American ports, The State 

-one- -half the bed of t the St. Law rence River along its. border, and is the natural fy ; 

agency to develop. and control the p power on the St. Lawrence. xt ti 
New York State will, be required to pay a large percentage ‘of the 


of the proposed project, in the ordinar. procedure of pay ing her share of Gov- 
ty 


ernment expenditures. plan proposed by the author amounts to making 
Siete: York State alone p pay the entire cost of the navigation project in so far 
the ‘Federal: Government’ share of the enterprise is concerned. This to be 


brought about through increased charges for power due to the inereased cost “ 


“placed on power developments to cover navigation improvements. is one 


thing 1 to a ‘great enterprise such as ‘this, when the advantages 


£ 


the —stand out as warranting the investment; 
is. another this enterprise in so far as New Yo rk 4 


i 


“State's interests are concerned, as appraising ‘the Barge Canal. as an 
from ‘the Niagara to'th the Hudson » River, * and as giving New York interests in 


the water p power along the Niagara and St. Lawrence Rivers over to the ie 


fiting of navigation interests, without regard to whether or not" the improve- 


Chicago Diversion —Under “the heading ‘Water ert, the author 


- assumes that the diversion of 10 000 cu. ft. per sec. at Chicago will continue — . 2a 


‘i for a . number of years. No reference is made to the fact that 2 a case is pend- 
in the United States Supreme Court between the Government and the 


‘Sanitary: District of Chicago to enjoin the Sanitary District from diverting i 
than 4167 cu. ft. per sec. from Lake Michigan. 


Subsequent to t presentation of Mr. Shenehon’s paper in October, 1924, 
on restraining the 
District: of ‘Chicago withdrawing ‘more than 167 cu. ‘ft. ‘per 


sec. from Lake Michigan after March 5, 1925. revoeable ‘permit wi was issued 


by the Secretary of War dated } 
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sd 
average of 8500 cubic | feet. ont ot 


tad? 


_ “That the Sanitary District of Chicago shall carry out a program of sewage © 


aan by. artificial processes" which will provide the equivalent of the com- 
‘plete (100%) treatment of the sewage of a human population of a cat 
200 000 before the expiration of the permit. 
ae . ©That the Sanitary District shall submit for the approval of the Chief 
of Engineers and the Secretary of War plans for controlling works to prevent - 
the discharge of the Chicago River into Lake Michigan in times of heavy ~ 


works shall be constructed, in accordance with the approved 
by July 1, 1929. 


Ww 


£ 


pe 
be ae. _.. The significant part, of the recommendations of the Chief of Engineers — a 

af a relative to the assumption by the author of the continued diversion of 10 000 
ft. Lake Michi an at Chicas o,isasfollows: 


= 


(The eancution of sewage treatment program which will relieve 
: ee oak. on n the I Drainage Canal by the equivalent of a population of 1200 000 4 
_* * * will make possible a reduction in the amount of diversion to 7 250 cu. ft. 
per ‘sec., or lower, by the end of 1929). This condition looks to a reduction | 


t0-4167 cu. ft. per sec . by 1926. Bits fiobbu ll oth gig 


‘Condition (3) (The construction of controlling works to 
ia the Chicago River from discharging | into Lake Michigan. in times of 
ae storms * * * should be ready for operation July 1, 1929), is considered 
- hecessary to permit an ultimate reduction of the diversion to 4167 cu. ft. 


Engineers are left ‘to their own conclusions regarding: the 


such an ‘assumption by the author, that the diversion .of 10000 cu. ft. 
see. at Chicago will continue for a number of years. 3 


oe Conservation of Coal Supplies. —Under heading, “Value of Added 


ait 
Water”,* * the author states: ‘that there is no vital concern in regard to. the 

in ee: saving of ‘bituminous coal, because at the present rate of consumption the 
visible supply in the ‘United ‘States will last for more than. years, 


Oa 
ae: “joo The following i is quoted from a Bulletin dated August 1, 1922; issued by 
OF 


G. H. Ashley, State Geologist of Pennsylvania: to sill 


‘Bituminous Coal Reserves i in Pennsylvania, m Short T Tons, , 1922. 
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BA rare the bituminous coal in Pennsylvania should last about 250 years. he 
For years the State of Pennsylvania has supplied about one-half the coal used 


in the United States. It i is true > that t the coal originally estimated to be under- — 


und i in Pennsylvania constitutes only a very small percentage of that in the’ 


wie United States, but the point is | that (1) the State of Pennsylvania is Fe 
alae on to- )-day to furnish : a large | quantity of coal because - it exists. there 


i thick veins ; and that (2) the cost of coal is mounting. _ There i is only one | = 
conclusion, that while estimates may show a supply of coal sufficient to last. 
long of years, there should be vital concern about how long the supply of a ay 
_ cheap coal will continue. All water power should be developed as early as it is = 

to do So, for the. purpose of conserving the coal supplies. 

Radius of Economic Benefits from. Water Power and from Navigation. 
Under, the heading, “Water Power and Navigation”,* * the author states that 


while the economic benefits of water power may be limited to 200 miles, navi- — 


gation m may benefit : an area in a radius. of, 2 000 miles. ‘Iti is difficult, to 
specific distances, as the author has, to either range of benefits when the be : 


Ss 


_ indirect and intricate benefits involved in ‘manufacturing aided by ‘navigation, — 
he manufacture of “some the -electro- -chemicals, paper, ete. is only 


when quantities of cheap hydro-electric power are available. In 


transmitting it 300 miles to = | 


(Bu mmary.—Only a ‘part of the paper is here ty spea er’s 

remarks being made to give students of the project information from which 


may see what the situation is, namely, that the author is advancing 


plan to nationalize the water-power interests (of the State of New York along 


the Niagara and St. ‘Lawrence Rivers, making the power subsidize navigation — 


improvements, without even taking the trouble to ‘justify such action ‘fom 


either the legal or economie standpoint. The speaker heartily disapproves of — 


author | has spoken of opposition as stimulating. “Tt is hoped as. 
result of this suggestion, a discussion of all phases: of the points touched u on 
Ta, Dt ng SOT To in 
regarding this important ‘subject will be had. abe 
H. MM. Ax. Soo. E —The author is to be congratulated 
Lak d th 38 be 
waterway to connect the Great akes and the sea. 
ff The speaker “will endeavor to ‘Point out certain fallacious reasoning that 
Witt 
has led to serious erroneous conclusions on the part of the author. ‘ He assumes 


that water power should ‘be charged with the cost of navigation developmen 
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on the ‘St. Lawrence River. There are two possible conditions under which : a 


= 
justification of this’ assumption might be considered: mrdtid 109 ai 
ho: That the development. of water } power causes existing nav igation struc- 


tures and channels | to become inoperative. al 


hat the benefits derived from the power developed : are by dis- 


triets and interests identical with those benefited by the navigation works, 


Present conditions on the St. I ‘Lawrence River provide for navigation wit th 
a draft of 14 ft., whereas the author’s proposal is for -deep- draft navigation. 
\ i It would be reasonable, under certain circumstances perhaps, for power de- 4 


% velopments on the river, if they destroyed existing works, to be charged with 


~~ facilities equivalent to those existing, but it is ‘quite ‘unreasonable to expect 


power development. to § go. beyond the existing facilities an pay th the whole 


of the enormous increased cost “occasioned by the construction of greatly im- 
proved river - channels, canals, and locks suitable for vessels s six or eight times — 


as ‘those | now accommodated by the existing ¢ -eanals. 


perhaps, be somewhat extended in years to come, but at present, and to a 


eri fy 


less extent in the future, ‘it gives a “measure of the district benefited 


_ by a water-power development, and ‘also a measure of the district which must 


th hrough power rates for the development and all the works provided 


for i in the construction cost of such development. 


On the other hand, navig: gation benefits in this + particular instance extend 


“hee beyond this radiion of 250 miles, and, ir in fact, reach their utmost value in 
district greatly removed from the locality of the power development. 


districts. that would be especially benefited by the construction. of deep- draft 


navigation works on the ‘St. ‘Lawrence River are the eastern section of the 


Prairie Provinces i in Canada and the Central United ‘States. 

: The conclusion to be reached, therefore, is that, according to the author's 
assumption, industry and other power _ Users | in the ‘district bounded by 

BT all 


on Toronto, North Bay, Que bec, Boston , and Rochester, should alone pay 


"the cost of these navigation works, which would benefit primarily the district | 


Engineers" and financiers are ‘quite conversant with the ec economic aspects. 


the construction n of water-power plants and of the somewhat temporary 
nat ure of the market and employment involved therein. The relation of the 

water-power r development to the permanent market for raw materials, produc- ’ 


tion of ‘manufactured goods, and development of permanent employment in 


other industries, is not appreciated and, in fact, by many, ii ‘is appre- 


analysis of these general | aspects of the problem under consideration, 


ided by a § special census | in the United States, shows that of the whole invest- 
‘ment in a water power - and the industries built - up by it, only 13.4% is } found 


in the water-power r development, and 86. 6.6% in the applications of the power, 


In the foci of employees, less ‘than 3% of these are engaged in ‘the he pro- 
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duction ét po ‘power, and more than 97% in industries utilizing that power. The 


et, paid are 2. 8% of the total for water power, and 97. 1% in application > " 


= Very great and widespread benefits are received by all people and interests ys ee 
in tle district affected by the production of power through the application of eel 


that power to industry ; but the benefit derived from the “power per 


bas ‘small, accounting a: as it does in its tolls for Tess than 3% of the busi- x 


+ 


ness of the ‘district. Thus, power development. is in the same as 


works, and instead of being forced to pay tribute, water power 

Lake Erie, and Lake Ontario, in addition to those existing: on 

St. Marys River, dependable flow of 230 0 000 « cu. ft. per sec. can. 
- obtained for the St. Lawrence River on the assumption that 10 000 cu. ft. per an 


diverted at Chicago passes to the sea by its. former and natural 


= . The argument appears to be—although sank 80 stated—that, since the | 


‘power capacity on the Niagara River and on the. St. River is 
- inereased by this regulation of the | Upper Lakes, the people in districts to be 


A comparison made by the author the results to be obtained by 


regulation of St. Lawrence | River, according to the Government engi- 
neers’ ‘report on the St. . Lawrence Waterway, and the results, _ he asserts, can 


be by complete regulation of the ‘Upper Lakes. must be kept in 
mind that, in various ‘studies of ‘regulation already ‘made, different objec- 


: _ tives are set. In some cases this objective has been the “maintenance: of a ia 
large: flow in the Lower St. Lawrence River during September, ‘October, and 


November; in others, the maintenance of proper winter operating conditions; 
or, again, the maintenance of a high uniform flow. In ‘passing , it may be 


noted that it is quite possible to obtain a | higher minimum flow by the fegula- 


tion o Lake Ontario alone’ than the a uthor | quotes from the Commission 


: _ engineers’ report, for purposes of comparison with his figure of 230 000 cu. ft 


“gee. must always be kept in mind that, although artificial | regulation, 


sary regulating works which are so vital for navigation. al 


even after a subtraction for the Chicago diversion, may give better results than 
_ those obtained under natural conditions, yet the results | would | be just so 
better were there r no diversion at all at Chicago. In other. words, ‘the: 


diversion at Chicago and the regulation of the pereer two perfectly inde- 


A ‘There are certain other points on which exception might also be taken, for 
Ye example, the author’s assumption that there would be no break in ‘cargo at 
Montreal after the construction of the deep waterways. It is conceivable that | a 
conomic operation will involve the use of large lake freighters from the 
a Upper Lakes to Montreal and transshipment there to’ sea-going freighters. pvp 


_ One must, of course, at this time speak with caution respecting the diver- 


sion of at for although this i is a ‘most international 
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author’s conclusion that for the ‘fifty that. will be at 


bss least 10 000 cu. 3 per sec., » may not be borne out by that decision. 4 ro it io 


“by the author, proper has not been placed o: on the level. 


— effect of the | Chicago Drainage Canal, which removes water : not only 


- from the navigation channels, but entirely from the water- -shed, thereby lower- 


ing all lake levels except ‘that of Lake Superior. and all river. levels from that 
on 
lake to the ‘sea. In this connection it is not practicable to compensate the 


is to be hoped that the interest as one of the engineers in’ ‘the 


employ) of the Chicago Drainage Canal. has not caused him to place undue 
= on the 1 necessity for navigation and power i interests. to subsidize the 
roe 
City ‘of Chicago in its diversion. This possibly may be the reason he has - 


assumed such an unsound economical basis” as that) of placing on, power 


of 4 
lake- Jevel regulation without whether power 


~~ 


apparent concern in Tegard to the failure | of power -develop- 


: i ‘eet companies to expend money for i ice protection 1 at th the outlet o of Lake Erie 
is) probably due to the fact that he has failed to recognize, ‘in the present 7 

fg. instance, that power development engineers are unable ‘to spend 3 millions of _ 
dollars for accessory works that cannot be made to return a justifiable income 
on the money invested. sod and, ards dy buroa ot “OR Bayi 


a 


of 
~ 


Be hensive paper» devoted to the Great Lakes ‘Basin and the water power possi- 


Sapin,* M. Am. Soo. ©. E. is refreshing. have such 
ae bilities of, its final | outlet to the ea presented by. one abe has given much time 


an ‘The author is. correct in his. assumption that the justification of a deep 
outlet from. the Great. Lakes. to: the sea must be found, from, the 
‘point of view of. navigation, in. the length of ship channels already available 


a and intensively used in the Great Lakes themselves which would be tapped 


ey by such a deep-v -water outlet. _ Duluth, at the head of Lake Superior, 1000 
by steamer Buffalo, is only 200 miles nearer, by airplane, to the 


“east coast of Maine than to Seattle, As the | crow is distant 


portation costs. "The speaker seen well: considered study of this 
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of a study that should pre 
pe or at least coincide with, the study of the physical facts. visa onl 
he 


dt the St. Lawrence improv ement were for the sole purpose of navigation, 
‘it is doubtful whether its cost could be justified, even’ with the advantage of a 


its connection with lanes of commerce already established over which traffic is e 


hauled at a: cost) hardly approached by any other system of transportation 
except on the ocean. ‘Fortunately, however, it is not merely, and perhaps not 


mainly, a navigation. matter. value the water power is such that 


whenever the large blocks of power developable « can be advantageously sold, the E 
-Teturns should pay ‘interest on ‘the entire cost, and, in term of years, amor- 


tigi While those in favor of the project may tenia painted too glowing a a picture _ 
of the probable volume of commerce and the consequent benefits to be derived aa 


from cheap carriage, the opponents, on the other. hand, have attacked the 
estimated cost. on the ground that the improvement of the Great Lakes. chan- 
ne must “necessary part of the plan, and that the cost, of such improve- 


nts should be. included i in the estimate. Jon Batis 
is well known that large” part. of salt-water commerce is carried on 


25, ft, or less. The t tentative plan. for the St. Lawrence provides 
; . this depth at present, w ith a possible i increase to 30 ft. later should jpeety Al 
desirable. The, same idea is applied in the new Welland, Canal. . It may be 


bY. 


assumed that a death in of in the ‘improved St. Law- 


confined to a depth 25 ft. on the 


‘commerce lanes of the Great Lakes as well as on the St. “Lawrence outlet. 
~The importance of the commerce on the Great Lakes is not generally appre-- 
‘Minted In volume it equals the foreign commerce of all ports on the Atlantic, — 


Gulf, and Pacific coasts. It exceeds the freight carried | on 297 & rivers, 


and navigable waterways of ‘the United States, including 37 well- ‘mown 
reams, such as the Ohio ‘and Mississippi ‘Rivers’ their tributaries above 


New Orleans, the Hudson River above New York, the Delaware ‘River above 


Philadelphia, ‘ete. These figures éxcludd ‘that, part of the river traffic 


table to ocean ports, such as New York, New Orleans, ete. 
et tonnage eu the Sault canals annually than the 6 oon bined 


> 


anama Canal was ‘about 5 600 


Not only in volume, b 
channels exceed other waterways, ‘exclusive ocean 1 tracks, ‘The ton- 
the Great Lakes is about sixteen times that’of the ‘thirty-seven waterways: 
mentioned. For. the year 1923, it Was equal to about one-sixth: the ton- 


mileage of all the railroads in ‘the United States. i edi 


“Were author quotes from the Presidential Address of the late Alfred Noble, i 
sal 


of 1903, in which, on ‘the basis of the actual — 


_* Proceedings, Am. Soc. C. E., September, 1925, Papers and Discussions, D. , 1244. — 
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3 freight rate on the lakes of 0.89 mill and estimated rail rate of 3 mills per ton- 


‘mile, the saving: in freight charges for the single year, 19 1902, “was: estimated — 
at $63 000. The question may be raised as to how this! saving is 
“tributed, and i it may even be thoughtlessly_ suggested that the lake transporta- 
tion j interests are ‘the principal b beneficiaries. moment’s’ consideration, how: 


~ 


that ‘the “peneficiaries ar are those who the ultimate products, 
boilers or steel bridges, brown. bread or Parker House rolls. 
Ibn the twenty- -one » years that have elapsed since 1902, _ the year of Mr. 


N oble’ 8 comparison, that part of the Great Lakes commerce > that passed to and 
from Lake | has amounted | tol 337 | 000 000 tons, and the 
“charges to $1 000 000 000, with an ‘average rate of 0.9 mill per ton- mile. 


Using the figure ‘of 3 mills per ton-mile as comparative rail cost, the saving 
amounts to $2 300 000: 000. Subtracting” from this the 


Great Lakes system, 
there remains s a net of 000 000 000, the interest on which at 3% is 
$60 000 000 - ‘per year. With such a 1 surplus to the credit of Great Lak kes chan- ys 
‘nels no hesitation n reed be felt in advocating further expenditures whenever 
‘the needs of the growing commerce require ‘more adequate facilities. fobs — 


The ‘author mentions t t ne value per. inch of draft as $500 000 for one 


tii 
“This figure i is not a ‘guess but an estimate based on the actual number of pas- 


sages: of loaded vessels of ‘the > larger classes during 1923, which -showe 


increase carrying capacity of more than 3 000 000. tons for an increase in 


drat of 6 in, | At the average freight rate of 88 cents per ton this would 
amount to very nearly” $3 000 000 extra earning capacity, reduced onl y by a 
small additional cost for loading yr unloading and a trifling longer delay in 
et Ab out 30% of the freight traffic is is carried by v vessels capable | of drawing 
_ from 23 to 24 ft ft., and a | draft of 21 ft. could be) used by vessels carrying 95% 
of the freight. | With the present fleet. it. is estimated that a “total gain of 
$15 000 000 per year would result were a 3 25- ft. channel made available. ali 


To sum up the case, for Great Lakes navigation, the savings by this system 
have piled. up a ‘surplus o of, $2 000 ¢ 000 000 in the last two decades alone. The | 


Savings smannt now to. $100 000 000 per year. further saving 0: of $15 000 000 


year awaits the development of deeper channels. aluccsi ture? 2 


methods present themselves by which deeper 
¢ may be obtained. It isa physical possibility to raise all the lakes by 4 or 5 ft. 


With comprehensive regulation, meaning thereby control of river slopes. 
hy ae well as of lake levels, the deeper channels would result. If this were ‘attempted | iy 
ag and the St. Lawrence outflow entirely cut off, it would take about 20 months 
. am to accomplish the initial rise. If the St. Lawrence flow were reduced 20%, it xf 
take: 8 years. This plan, however, is manifestly impracticable : as result- 
damages ‘would be too great, and the value of existing port 
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-method is the excavation of channels to the required depth’ 

wherever this depth does ‘not naturally exist. The author suggests a com- 

. bination of these two methods, which may be referred to asa a third plan. af The 
advisability of such a combination will hardly be disputed, although the ques- 
tion as to the extent to which one or the other fundamental method should be’ _ 

applied i is one on which opinions will differ, and which merits discussion. bed 

et It will be well first to get a dlear understanding of some physical facts con- 7 s 

3 cerning the Great Lakes—facts which are not always correetly stated and used 
in discussions of the hydraulics and hydrology of this great r reservoir system. } wn 
The f. act that the water levels” of the Great Lakes are now comparatively 
especially on Michigan- ‘Huron with its thousands of ‘miles of shore line, has 4 

attracted wide attention, and has led to much s speculation. regarding the c cause, i 
particularly a among ‘laymen. ‘Having a available definite ga gauge readings on each 
. lake extending back to 1860, the extent of th this s lowering 1 may be determined, 
it appears that the average level for 30. years (1890- -1919), is below the 
a level of the preceding | 30 years (1860- 1889), by. the following amounts. for the 
several lakes: Superior, 1 ‘in.; -Michigan-H -Huron, in.; Erie, 93 in.3 nd 
Ontario, 8 in. - For the last four years the supply ] has been unusually deficient; 
7 in fact, on some of the lakes deficient to an unprecedented degree for : so long a 


> a period. © Compared with the | 60- -year mean (1860-1919), the average level for 


4 years (1920- 1923), has s been low by 24 in. on Lake Superior, 1 15 in. on. Lake 3 
_ Michigan- ‘Huron, 74 in. on Lake Erie, and nearly 9 in. on Lake Ontario. ke of 


Based 


Ba ased on the discharge values of the St. Lawrence River given in the ae 
Report of the United States and Canadian ‘Government engineers on the St. 


Lawrence improvement for the ; years, 1860- -1887, , end the discharge values as 
determined by the U. ‘S. Lake Survey for it appears: ‘that 
the supply to the water surface of all the lakes for the 30 years, 1890- 1919, 2 a 


55 ft. less than for the 30 years, 1860- 1889 ; i in “other. 1 words, that the 


average shortage in ‘supply for the later 30° years about 21 in. per year. 


‘This represents a decrease i in supply of about 6 per cent. To indicate the pro- 

Portion, of this deficiency, in “supply for which Lake Superior i is accountable, 
Ty 


by comparing ‘the two 30- -year r periods, ‘the net supply for the later 30 years is 
found to be lower by 10. 9 ft., or the equivalent of 3. 6 ft. on the surface o of all 


RE la 
lakes. Thus, two-thirds of the ‘total shortage of 5. 5 ft. is found on Lake 
yee although the area of its surface is ; only o one- third of the total area’ 
of all the lakes. Accordingly, the intensity of shortage o on Lake Superior was 


ie that on the other lakes. With this proportion of the lack of supply in 
r 


ecent ; years” attributable to ‘Lake Superior, it is interesting to “consider why he 
sy average level of Lake ‘Superior was lowered only 1 in. and that of Lake 


Erie only 94 in., while the average level of Lake Michigan- Huron was lowered mn 


to 


oecurred near close of year period of rd. Other 


@neroachments followed, equation of flow, ani about: 19¢ 
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side outlets: here water ‘power began, but, was partly. or fully 


Later, ‘the compensating or 


up, t the present "evel being about, 1 higher than’ it would have 


had the outlet remained in its original condition with no water used, for power: 
otherwise, in, side canals. uld be noted that this result v was 


Lake Superior. Had the ‘restrained. up this 1 ft. of storage 


eat 
been allowed to discharge gradually in accordance with the original condi- 


tions of. ‘the outlet, it would have raised the lower lakes a small amount, not, 


7 ace of course, in proportion to the areas, because the discharge of each outlet 
bal rather definite part of the depression i in level of Lake Michigan- Huron 

wit 


in ‘the later 30 years is due to the diversion through: the Chicago Drainage 
Camel ; bu t this diversion affects also Lakes’ Erie and Ontario. | ‘The neta 


has sometimes been attributed to scour to the: excavation of 
lane navigation channels i in the outlet of Lake Michigan- Huron, particularly i in the a 


River. The Board of Engineers on Deep concluded ‘that 
had taken place at the head of St. ‘Clair River, but | comparison of ‘sur- 


veys the speaker ‘with an old map of 1857 pave ti no evidence of such 


4 Theoretical « calculations indicate that the "peubeeney fall in this colitiecting 
X _ channel has not been reduced by channel improvements more than 2 or 3 in. Dy 

Th this connection it should not be overlooked that the improvement ofa given ‘ny 


reach of channel cannot reduce the fall in the reaches above and below. If - 

inac hannel 80 m 8 long, with a uniform slope and a fall of 8 ft. ., a reach | f 
of 5 miles is so ‘igbovdd as to make it practically a lake, the total fall cannot — | 
be reduced more than 6 in. It should RAS be considered that i in dred ging 


ri 


_ operations the materia ‘usua ally is is put back j in the origina ver channel and 
fis 10 JUSTRV IE RS OD SOF 


it ‘easily may be so placed as to maintain the original slope. 


. pe Passing to. practical considerations, there exists in the channel connecting : 
Lakes Huron an and Erie an enlargement called Lake St. ‘Clair, the level of which, 


an at least in the summer months, is ‘controlled by the levels of the two | larger 


lakes... ‘The level of Lake St. Clair during i ice- ga months can be expressed by 
4 a “fomnula, making it a function. of the levels f the upper: ‘and lower lakes. 
i ? ‘This formula holds good with residuals of 0. 0. 1 ft. or less for 40 years, except 
av a for short periods “when known obstructions were temporarily i in place. ‘There 


is, therefore, practically no evidence of such a in the channel as to 

indicate a reduction of f slope between Lake Huron and Lake Erie, 
Ro The. explanation of this apparent. discrepancy in relative w water levels of 


Lake ‘Huron, and, ‘Lake, Erie ‘was investigated by the speaker years ago and 
shown i in his report on the EEF of the St. A lair River. 
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7 
aif made i in 1902.* During the w inter months the ‘outflow from Lake ‘Michigan- 4 


“Huron is reduced by the action of ice in the: St. Clair and Detroit Rivers. 
An ‘ice cover usually forms over a considerable portion of this connecting — 


which ‘reduces the discharge according to the laws of flow, but a 


much | greater effect results ‘from ice jams that occur at especially in the 


= 


189 
ua to April, 1901, which as low as 75 000 


eu. ft. per sec., or considerably less than one- -half the normal discharge. i Con- — 


necting these discharge measurements with the readings of gauges established 
in 1899 ‘at the ‘head of” the river resulted in an equation for winter disch: = 


which it appeared that for the ‘three winters, 1901-03, there was an 
average reduction in flow of 50 000. cu. ft. per sec. for 4 months of each — a, 
winter, ‘equivalent to. about 0. AL ft. per . per year on the surface of Lake Michigan- 

- Huron. Itis apparent that variations in this ice effect are sufficient to account : 
for temporary changes in the relative levels” Lake Michigan- ‘Huron and 


The g gauges at the head of the St. Clair River Have: heen ‘maintained’ since 


1900, but there is no reliable method of determining the winter discharge 


prior to, that date. The effect of i ice 1 varies from year to year according to the 2 al . 
| of the sprinter “not following closely the m mean temperature, but prob- 
ably dependent. on the. number of short perioda: of extreme cold followed by 
4 The speaker’ 8 explanation of this discrepancy i in the levels of rin Huron 
and Lake Erie is that the ; average ice effect in the earlier 30 years 0 of record, 


_ which cannot now be. evaluated, was greater. than that of the later 30 years. 
e This cannot. be definitely proved, but some light can be thrown on it by a con- oh 


sideration of the indicated local supply to Lake. Michigan- Huron. for 60 years. 
ifr. local supply to any lake is is determined by adding the discharge to 
- storage and subtracting the inflow. The inflow to Lake Michigan-Huron from — 


. Lake Superior js known in winter nearly as well as in summer ; but i in deter- 
= mining the outflow from Lake ‘Michigan- -“Huror on prior to 1900 the for 


‘9 discharge for the i ice period are generally too. high, sad accordingly give too, J 
‘high a local supply for the winter months. le 
comparison of the net local supply to Lake Michigan- Huron for the 40. 


years, 1860- 1899, with ‘that for the 20° years, 1900- 1919, shows the. indicated 
net supply for the former period to average 3.036 ft. ‘per year and for the os as 


year period, 2.816 ft. ‘indicating a a shortage in net supply of 0.22 f per 


This by" “jee, occurs ‘entirely in the half from 
December to May, inclusive. Dividing the yearly supply into ‘two parts, the 
period from December to “May being called the first half year and that from 


June to November the : second half year, it ‘appears that for the earlier period a 


of 40 years the net local ‘supply to Lake Michigan- Huron averaged 2.071 ft. 
in the ~~ half and 0. 965 ft. _ the second half. Of the later — Period, — 
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1900 to 1 1919, inclusive, 1 


fox half of year the later 20- year period 


ceeds that of the corresponding half of the year for the earlier period by 0.. 14° 


‘ft, the average ‘supply for the first half of the year for the later 2 20 years is 
0.36 ft. less than the indicated ‘supply Sew the, corresponding part of the : year 


wy 


= It is submitted that such a condition is not likely to ets atbewe and 
; “that the. figures for the w winter d ‘discharge | of the St. Clair River prior to 1900 


are probably too high by from ( 0.36 ft. to 0.50 ft. The result for 3 years: (1900- 4 : 
1902 _ indicated: a reduction of, flow equivalent, t to 0.41 as alread; 


tioned. ey hese. results are mutually confirmative. Correcting the years prior 
3 to 1900 by 0.41 ft. each, shows the average net supply to Lake -Michigan- -Huron 
for the 30 years, 1 1860-1889, to be 2. <7 ‘ft. on the lake surface and for ‘the 3¢ 30 


1890-1919, 2 64 f ft., a difference of but | 0. 1 ft. per year, or less than 4 
. Reduced to the area of all the lakes an represents a shortage of PY 


0. 05 ft per year, or about 13 per. cent. otlt to busi ods 4 je ont 


Briefly then by the 10 there of 30 “years (1860- 1889) with 


ficiency 


for 3. 6 ft., or 65%, Michigan- -Huron’ 3 for 15 ft. 


leaving only 04 or 8%, re tio! be ‘allocated to Erie 


) {i at joetts ont ipilt et 


using perhaps: different “data as to ‘the “outflow from Lake 
ut 3%; but taking 
igure of 6%, 0 or rs. 5 80 y years, an average 24 in. per year, is this 


a ‘sufficient « change to warrant the ‘conclusion that the trend is , definitely down- 
ward, and to Jaunch a. discussion of changes in climate, permanently reduced 
in 2 SAG 


x precipitation, and the effect of clearing ‘the forests? The speaker thinks not. 
On the other hand, he believes that the experience of the past, and bie wig a 


* of the last three or four years, should not be allowed to pass without profiting 
og the lesson that natural water levels recede and that to whatever extent they 
may artificially ‘sustained, datum planes for improvement should be set 4 


‘to: assure continuous maintenance of the navigation depths foun 


= be economically justified. This d lepth at. the present. time is considered to 
je that permitting a draft of not less than 24 ft, which the largest lake car: 
riers are now able to utilize and for which many more would be built aiihin id 


the ten or ‘fifteen years required to make the improvement. of | 
In “considering to what extent, lake-level_ regulation replace the im- 


hh h by d d bl 
rovement ot channels redging, it is esir 


that. appear | axiomatic. regarding. the operation of reservoirs. Two of these ff 


a well stated i the] late a. M. Chittenden M. Am. Soe. C. E., in his ] paper* 


B., Vol. XL (1898), pp. 359 and 365,000 
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“affected by ice, but under the arrangements the control works. cannot 
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ttle 
on the Reservoir System of the Great Lakes of the St. Lawrence Basin” - as 


he effect of a natural reservoir upon a stream passing ‘through it is 
t0 reduce variations and irregularities of flow and to give the stream a more 
uniform d discharge upon leaving the reservoir than it had before entering.” 


Il.—Any reduction of the normal oscillation of level in a natural reservoir | 2 
will i increase the variation of flow in the outlet; and any reduction of the normal a 
variation: of flow in the outlet will increase the oscillation of level in the Be 


volt The ‘effect of a lake level is to retain harbor depths. An 
he - incidental effect is the Stabilizing of the water level for a certain distance up 
i. stream from the incisthi of the inlet from the reservoir above. The extent of 
this latter effect depends on the character of the outlet. 19 wot 


under regulation, is admirably adapted to this 


anil! reach rock apron below the works insures ‘against. scour from concer 
trated currents. 


concen- 
The natural drop o over this rock apron was 17 7 to 21 _ The 
- level of Lake Superior either under natural or control conditions i is free from 


effect of the level of Lake Michigan-Huron, the next reservoir below. ‘The 
- section at t the regulating works will always remain in control as the lower river ~ 


carry any reasonable discharge. without affecting the flow through 


_ whieh cannot be drowned out to any extent. On the other hand, the slope in 
lower river, to accord with present datum will be maintained 


the use of ‘the minimum discharge required for power. 


W ith the proposed improvement of the St. Lawrence 


“for regulation will | be found. — ‘The water | levels in the river “are seriously — 


be drowned out. When the St. Lawrence i is improved for deep navigation these 


“control ¥ works will form a part of the plan and the level of Lake Ontario can be 


regulated. Until the 1 river is so improved, deeper channels below Buffalo are 


: _ Turning to Lake Erie, , the ‘control of this lake has been the subject of a ‘ 
number of studies, the conclusion. usually being favorable with certain ‘limita- 


tions, One objection is that if control means a higher average level the occa- 


sional ‘storms on Lake Erie would be somewhat more destructive, especially 
to Buffalo. v ‘The principal objection heretofore is that regulation of Lake Erie, 


without coincident regulation of Lake C Ontario, would increase the fluctuations a 


in level of the latter lake, and as concerns the two border | countries it happens — ‘ 


that the one more interested in the maintenance of levels on one lake is less 


interested i in the maintenance of levels on the other. , With the improvemen 


of the St. Lawrence this diversity of interest and its effect would cease. 
a In the Niagara River the conditions for control are : only less ; favorable than 
in Lakes Superior and Ontario. - ‘Here, again, the ice problem is importar 


mportant, 
but there need t be little fear of the effect of the works being 


of e work drowned « out by ‘the | 
action of the outlet channel below, and if a _ temporary low controlled discharge 


depresses the water i in n the lower river, th the effect will not be ‘serious a as the navi- _ 
eition ‘there's not important 


Accordingly, even the “improvement of 
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(Papers. 
St. Lawrence should be indefinitely postponed, it is is thought that t the level a 
Lake Erie should be controlled, but without a radical increase in its mean 
devel, say, within limits of 1} ft., or at most, 24 ft. tos fy iy 
9108 As regards the outlet of the largest single reservoir in the system, | the St. 
Clair and Detroit Rivers draining Lake Michigan-Huron, this: 


~ channel is about 80 miles in | length with an average fall of only a little more > 


- for a rock ledge overlaid with boulders near the lower end. In general, the river 
is about 3 mile wide and, except at and below the rock ledge ‘mentioned, , good © 
"navigation depths exist naturally ; but where the width is increased to 4 mile, 4 
shoals appear. regimen, now established by the existing discharge with its 
variations, is. remarkably ‘stable. a considerably in- 
creased flow capacity the new conditions 1 might be less permanent. — HEP Bis | 


q 
~ than 0.1 ft. per mile. The bottom in. general i is grav vel, sand, and clay, except — | 


te 4 a. In this lake outlet there is a natural controlling works, or perhaps, more 
i. faz properly, compensating works, set up at times by Nature in the form of retard 
tion of flow by i ice. As regards levels, the effect of this natural regulation has 
: 2s oe in general been good. The trouble i is that N ature sometimes neglects to apply 
> the remedy. This natural compensation, if made certain, would be ideal in 
‘Some respects. does ‘not seriously affect water levels in the 


wh ever effect it. has is exercised when the only navigation is in light-draft ferry- 
boats. Thus far, it has not seriously affected any power development. It has 


ae: to some extent depleted the flow over Niagara Falls and thus affected the gran- - Ba 


OF 
279 ‘the flow is ; restored, and no complaints are known 1 to hi have resulted from this 


24 this paper. the mass curve is ingeniously applied to the Great Lakes 


‘System to show the n maximum value of the continuous yield. By ‘taking advan- 
ci age of whatever diversification, in water-sheds may exist and by the use of the 
mage curye for mean annual yields, the author is able to show a possible i increase — 


of 10.000 to 20 000 cu. ft. per see. of prime water for power. 


is i = wee “deur of that spectacle, but Lake Erie fills so rapidly : in the spring that by Ji une 


It is quite proper that a paper on the ‘St. Lawrence development should 


Bare in the method. adopted in the paper? Knowing what is to take place 
in the next year, or the next five years, a Seajaions, as to the flow to assume for 
the earlier period i is fairly ‘simple. + AE any rule has been deduced whereby the 


‘vol ume in actual operation is it not have the o omniscience 2 which 


ay? several works can be operated : without, this omniscient mind, it does not appear, 
, 6. and ‘the speaker’ S experience with similar but simpler problems leads him to 


te dou t the. equally smooth working, of the theory under conditions. of stated 


be ‘Each one of these. lake reservoirs has a considerable dn, local 


0. ft, on, Lake Erie, 0. 6 f ft. on Michigan-Huron, 05 ft. 


on “Lake Superior. the other hand, negative supplies, meaning greatet 
an evaporation than. local supply. from: the basin, occur almost every year, the 


— Yalaes, of these negative supplies being not infrequently 0.2 ft. or 0.3 ft, pet 
akes Ontario and Erie, and 01: ft. 
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Superior. in local supply amounting ‘to 1 ft. per ‘month, th, the 

difficulty of maintaining levels within a total range of 14 ft. ‘may be seen. 
No attempt is ‘made i in the paper to follow through the details of regulation ‘4 


the author contenting himself with a 1 broad presentation of the subject. Tti is 


laid down. For the condition obtaining in and 1911, an attempt to 
the lakes within these limits by the methods suggested by the author’ 
would appear ‘to have required changes from the natural flow volumes of the’ s 
outlets: of from 50000 to 75000 cu. ft. per sec. in certain months, and still # 

serious oscillation ; in the level of Lake Michigan- Huron could not have been ek 
"prevented, but this level would have had a range of 1.75 ft. while in these 
years the level would have fallen nearly 1 ft. below .the lower’ 

jimit. This could not have been corrected by increased discharge from Lake 
Superior, because for these years the natural rate of discharge from 
i= was reduced by regulation 15 000 « cu sec. below 


1924, the level of Lake Michigan: ‘fell 6 i in. an 

: charge of only 152 400 cu. ft. per sec. - During the four years, 1920-24, the levels Ee 

fT Lakes Superior and Michigan- Huron were ) depressed about 1.5 ft, with an 
average discharge of the St. Clair River of approximately 167 000 cu. © ft. per 
sec. Since no ‘excess ‘supply could have been drawn from Lake Superior, this’ z 


average discharge of the St. , Clair River would seem to be as great as would’ i 


be available for long periods» under similar conditions with complete regulation 


is fully appreciated ‘that the: ‘author is merely sketching works and 


methods, not specifying details, but the speaker is only attempting to ‘point | 
: out the possibility of disappointment in the working out of details when this 


‘With Lake Michigan. ‘Huron under complete regulation, throttling the ‘dis- 
* - charge of the St. Clair River at or near its head will at times result in ‘quite . 
: serious ‘depression of level below the works, An indication of the extent of 
Soa depression ‘appeared i in the plan originally proposed by the author which 
included locks with lifts of fr from to 5 ft. finally submitted, however, 
(Fig. (5*), the locks have been replaced by navigable le passes combined with ex: a 

pansion basins. ‘With Lake Erie at regulated stage of 573.0 ft., a fall of only 
about 6. 5 ft. would be required to carry a reduced discharge of 160 000° cu. ft. a 


yer 


r sec. through the Lake Michigan-Huron outlet, giving | al level of 579. 5 fet 
) "tf 


the head of the St. Clair River, or about the present low-water Misia’ 
| iti is mainly t the 2 connecting channels that are e shallow the maintenance of evel? 


jor 


rs the 1 rivers is more effective in reducing. dredging costs than the preservation — 
of the levels of the lakes, Under natural « conditions: high lake levels result i in’ 
Corresponding channel depths, but, as indicated, this. condition ‘easily may 
bes disturbed by the c aracter of replat suggested for such a channel as the’ 
Clair Rive lsoaliw Dentstde 9d baw ak 9 


proposed plan contemplates the enlarnement of channels tak dare 


| 
1 local 


excess flow, the latter. being required “order to assure the large prime 


* Proceedings, Am. E., September, 1 1925, Papers Discussions, 1260. 
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at: 230 000 « cu. ft. per sec, It pointed out that in the ea case 


the Lake Michigan- outlet, miles long, 
at ta: k to provide this additional flow capacity by fe. by 


the | same method the desired depths for navigation throughout | the shorter 


Teaches, requiring improvement for this purpose, vowed to 
In this connection, “suggestion. that the Chicago Drainage Canal 


- alin an effective share of this needed additional capacity is not tenable 
unless it be that the flow through that is subject to regulation. 


Canal to be, say, ‘175 000 eu. ft, per sec. 


‘The value for ‘Power of the additional prime water which it is propos 

to make available by an elaborate system of regulation, would be more, im- 
‘pressive if. every means were - being taken to permit the use of more power 
er 
at Niagars, while preserving the scenic beauty of the Falls. Tt would 
be ‘more impressive if it was certain that all power developable 
on the St. Lawrence could find a ready market, and if, in the plans proposed, & 


consideration were ‘not being given to the entire omission ‘of power works | 

in an important part of. that river. ott So eth. 


oli computations of power benefits the author seems to use a figure of — 
about $7 per h. p. ‘as the annual value. “Assuming: a final development of 
Te 920, h.p. on the ‘Niagara and St. Lawrence Rivers combined, would give 


te 


from ‘the Great Lakes navigation. The time may come ‘when 


yet arrived. “When it come, the value will still be below ‘that 


ing from navigational uses, Certainly to- -day and in ‘the immediate future” 
the needs of navigation should not be sacrificed in ‘the name of ‘Power. T 


_ ‘Tequire 3 vessels to pass through locks at the foot of Lake Huron or bet 


them to excessive ‘currents would “unquestionably be detrimental ito t the 


Partial regulation of Lakes Michigan- Huron through located below 
vie the head of the river would seem to ‘fit, the present need of control. at this — 

point. These works should be located i in a wide s section of the river, “perhaps 
in the vieinity of Stag ‘sland, ‘Their character should. be such that a part 
of the flow could be restrained during the winter 1 montha when this restraint — 


ce should be needed, while not ordinarily, reducing the suramer flow nor - forming © 


any hindrance to. navigation. Works of this, character would be operated 


a7 restore g gradually the mean ‘evel of L Lake Michigan-Huron, and could form 


ats of more extended works later ‘should | it develop that. greater control 


were desirable ‘and that it could be ‘obtained without introducing other. evils. 


author e expresses the hope that the subject will provoke discussion. 


As the paper is general, the discussion must be of a similar character. “Having 
in view the needs of navigation, the speaker feels that its require: 


| 
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ments have been subordinated to those, of ‘Power. That an increase in 


in “the ‘peat from navigation on the Great Lakes, 


# 000 000 000 now standing to its credit, which is being increased at the 
of 000 000 per: year, to show that this navigation should be 


supplied with the 25-ft. depths: it now requires for economical operation. 


has been ‘shown that, whereas ‘the present ‘supply to th the lakes is low, 


there is little to indicate that this condition is permanent; ; nevertheless, that | 


teps should be ‘taken to prevent the recurrence of extreme low water, but 


that these steps should be such as not to result in destructive fares cee | 7 

—?p periods of high supply. ‘Tt has been suggested that the control system pr 

posed might be found disappointing ‘in its final analysis and more expe 


than present benefit to power would justify, 


Finally, the opinion is expressed that the regulation of Lake Erie 


_ be exhaustively studied, an a, that if no insurmountable difficulties appear, 

a. it should be put in ‘operation; that : minor r works — be placed at once in 

the: Lake -Michigan- Huron ‘outlet, , and that a program for depth betterment 


q 


+ ‘the extent « of 25-ft. “channels on - the Great Lakes | should be immediately 


adopted and entered. upon. Such a program would require years for 


its consummation. By ‘that time control would have had preliminary 
trial, power needs would have increased and presumably ‘would have been 


- supplied either at Niagara or on the St. Lawrence, or both, and during this 


process, by proper allocation of work on the navigation project, navigation 
benefits would have ‘been progressively obtain (Ont 
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ati MEMOIRS OF DECEASED MEMBERS 


Norz.—Memoirs will be reproduced in the volumes of Transactions. Any information 

ad GEORGE HENRY BENZENBERG, Past- President, Am, ‘Soe. E.* 01 


George Henry Benzenberg was born i in New York, N. -Y.,.on ‘May 31, 1847, 4 
year later, ‘parents removed. to Detroit, Mich., where he received his 


early. education. He was graduated as Bachelor of Seience i in Civil Engineer- 


ing at the University of “Michigan i in June, 1867. he Al 


Following his graduation, ‘Mr. Benzenberg engaged for two years jon 


the primary triangulation of the Great Lakes, and from 1870 to 1 1873, he was 7 
on the location ‘and. construction of the Northern Rail- 


ea From. 187 4 to. 1899, he served the City” of Milwaukee, Wis., as Aesisent, q 
a, Engineer, City Engineer, and President of the Board of Public Works. ; 


He also: served as Consulting Engineer and, in connection ‘with. their wafers, 


works or Sewerage systems, as a member of. several commissions 


the following cities: Cleveland, “Ohio, Kansas ‘City, Mo., New Orleans, 


Omaha, Nebr., Toledo, Ohio, Racine, Wis., and a number of smaller cities, 


and completed the water filtration plant of Cincinnati, 
3 From 1904 to his death, Mr, Benzenberg served as a Trustee of the | North- 
a western Mutual Life Insurance ‘Company. , As Chairman of the Building Com- 


o on mittee of the Trustees, he supervised the building of the home. of this Company — 
Milwaukee, which i is the ‘outstanding building in that city | and cost about 
000 000. In 1910, he retired from all professional activities, except those 


connected with the iil the construetion of the Insurance Company’ 


building. sels to -throush ldeke “flies: ‘foot of Take cr 10 3 
_ With the exception of the first six years, Mr. _Benzenberg devoted hi 


career to ‘municipal work , many monuments s of which indicate his 

outstanding ability as a resourceful engineer. on wor 

‘While building the water intake tunnel under Lake Michigan, a distance 

of 6 000 , for the City of Milwaukee, numerous blow- outs caused its tem- 

porary abandonment. The» work was finally completed successfully under Mr. 


Benzenberg’ s direct charge. durin the. us us 


(a After the intake water tunnel, crib, and shaft Reelin water- works of the 

q City of Cleveland had been Tost, he took the work under his immediate dire a 

Oran His plan for keeping the waters s of the Milwaukee : and Kinnickinnie Rivers 


a free of r sewage pollution by means of fresh lake water pumped i into them near — 


Memoir prepared by the : John W. Alvord, M. Am. Soc. C. E., 

Ghairman, C. F. Loweth, Past-President, Am. Soe. C. E., and T. Hatton, 


— 
— 
— 
= 
— 
D ters, 
— 
— 
— 
a 
— 
— 
a to 
® 
¥ Ti ala 
— 
by! 
fam 
indi 
Am 
— 
Pae 
pany 
— Mon 
i: 


oF JOACHIM: GIAVER 


engineers as impracticable. ‘Benzenberg built the wirks and they have 


been eminently successful. no other man is the City” of Milwaukee so 


| % 


much: indebted for its water, sewer, and street improvements, ‘all of 


which he originally planned, no tls these having since 
1 


Ba In 1911, the University ‘of Wisconsin awarded him the degree of Doctor. 
€ "of Science, ‘In 1893 and 1894, he was President of the American Water Works Ee 
_ Association, and, in 1895, became the first President of the American Society 


fe In addition to his very active professional work, Mr. Benzenberg was quite 


State and the country, was a member of all the Masonic organizations, 
im many of which he had served in official capacities. He received his Te 
_ third Degree in 1886 and, at the time of his death, was one of the three active oa 


16, 1879, Mr. was married to Allie Wolfrum who 


.: ing broadness of vision, bold initiative, and high ideals, commanded the respect oe te 


and confidence of the community | in the improvement of, which he took such 


part, and of those’ with whom he came in’ ‘contact, bas 

on May 2, 1883. served. as Director of the Society f from 1895 4 
to 1897; as Vice- President in 1901- 02; and. as President yin. 1907. 


i enti JOACHIM GOTSCHE GIAVER, M. Am. Soc. C. E. 


oachim Gotsche Giaver, the son of J Holmboe! Giaver and 


me Birgit Holmboe, was born on August 15, 1856, in Gjovik, a ‘small town owned 


by his family, near Tromso, Norway. His father, of ‘a prominent Norwegian 
family, was a large landholder and one of the leading figures i in the the fishing — * 

industry i in Northern. Norway. Tutored at. home, Mr. Giaver ~entered the 
 Trondhjems. Technical College, at’ Trondhjem, ‘from hich wa 


- Paci Railroad Company at St. Paul, Minn. At the close of 1888, . Mr. Giaver | 

deft for Pittsburgh, Pa., to become a a Draftsman for the Shiffler | Bridge 2 Com: 

any and from 1885 to 1890 served as Chief Engineer of that Company. Dur- 
ing that. period he designed several of the bridges over the Allegheny and — 

Monongahela Rivers at Pittsburgh, and by odd coincidence one “of his first 


prepared by Amasa C. Bull, Bsq., Chicago, mM. 
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ai 


of the United States in 1891, he went to Chicago, to a 
Assistant Chief Engineer of the famous World’s Columbian Exposition. Joa 


ing been one of | the first to recognize the importance of wind bracing in the 
: structural framework of buildings, he was in charge of perfecting of this feature a 
in the structural design of the buildings for the Exposition. He designed the 
three-hinge in in the dome of the Liberal Arts Building y which at that 
3 was the largest truss of its kind i in the world, having a span of 368 ft. 0 in. 7. y 
ollowing the Exposition, Mr. Giaver was engaged i1 in the general contracting 
business from 1893 to 1896 and served as Bridge ‘Designer for the —— 
Distriet of Chicago | from 1896 to 1898. In this latter position: he designed the 
var us bridges over the Chicago Drainage Canal. 8 baw eee ait 
My the World's ‘Columbian Exposition, Mr. Giaver had become 
with | worked with Chicago’ famous architect, the late Daniel 
_H. Burnham, and, in 1898, , he became Chief Engineer for the firm of D. H. 


_ Burnham and Company, which position he held for 18 years, until 1915. 
i During this time, Mr. Giaver’s engineering work was in ‘the practical develop- 
‘Ment of the modern skyscraper { from the old spread-footing foundation, cast- 
column, ‘wrought-iron. structural framework to the modern n caisson foun- 
dation and structural steel framework. tive, bis nh 
hundred of the largest buildings it in States, among which ‘bla 


: ere the Flat Iron, Gimbel, Maiden Lane, and Equitable Buildings in New 4 
York, N. Y.; the Field Museum, and National Bank, 
+e Union Station ‘and Post Office in » Washington, D. C.; the Frick, He w 


ey ae ‘Smithfield, and First National Bank in Pittsburgh, Pa.; ; the May «A His £ 
Company in Cleveland, Ohio; and the Wanamaker and Land Title Buildings: 


Philadelphia, Pa. One of his most. interesting ng designs was that for the 


dome. of the Mount Wilson Observatory ‘in California. 
«boty 1915, Mr. , Giaver interested himself in the question of li 


tural engineers in the State of Tinos. He was the leader in. securing the 


ee passage i in 1915 of a bill to this effect by the Illinois Legislature, as. the -réenlt 


which structural engineers are allowed to practice their profession on equal 
terms with the architects in that State. Prior to ‘this it had been impossible 


for engineers to practice in ‘building | operations, ‘except as employees of an 


architect, as under the former law, building: plans could not be lawfully 
- approved unless bearing | the signature of a licensed architect. Sis of “air 
a In 1920, Mr. Giaver » was decorated with the order of Knight of ‘St. Olaf, 


‘Ast Class, by King Haakon | of Norway, in recognition « of his prominence a as an 
his’ activities: on behalf of Norwegians in the United 


citizen of the United States in 1896. bs 
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After death of Mr. in n 1915, Mr. Giaver established 
Chicago as a Consulting Engineer, and, i in 1916, organized the 
and engineering firm of Giaver and Dinkelberg. His last work as a “member 
of this. firm, finished only a few months before his death, was the ‘engineering — ‘ee 4 
design of the 42- -story J ewelers Building being © erected at Wabash Avenue >and 7 7 a 
Wacker | Drive, a which will be the tallest office building west of New 
1) in New York on September 8, 1883, to Louise 
ny 
of Trondhjem, Norway. | He is survived by his wife, two. daugh- 
ters, Astrid (Mrs. ‘Ralph Holmboe), Birgit (Mrs. A. C. Bull), and three sons, 


private life, Mr. -Giaver was an enthusiastic yac chtsman. It was his 


cipal hobby and he won ‘many prizes racing his boats on Lake Michigan. He _ ; 


was a Trustee of the Norwegian American Hospital i in Chicago ; President of 


Structural Engineers Association ; former Director of the Ww estern Society 
of Engineers; President of the 2 Norwegian Engineers Association ; Past-— 


ommodore of the eColum- 


bia Yacht Club; and a member of the ‘Biiginedies Club, Svenska Klubben, Chi- _ 
“cago Athletic Club, and Chicago Yacht Club. OF 


Mr Giaver was, elected a Member of the American Society of Civil Engi- 


ORD MILBURN HOLLAND, M. Am. Soe. C. E.* part 


Clifford Milburn Holland was born at ‘Somerset, on on 


He was the only child of Edward John Holland ‘and Lydia a Frances. ‘Hood z 
His father’s ancestors lived Maine, where they had moved from Massa- AES 


chusetts soon after the Revolution. On his father’s side he was descended — 


from Dr. Francis Le Baron, the “nameless nobleman” of early Plymouth. His 


mother’s family came from about Providence, R. I., and Fall River, Mass. — 


and was descended from 1 Roger Williams and others of the earliest settlers. i 
He ‘attended public schools. in Somerset. until 1892, then six years 
St. Joseph, Mich., and then one year at the High School in Fall River, after 
which his family moved to Cambridge, Mass.. He was graduated from the 
Cambridge. Latin School in 1902 and entered Harvard University, receiving ha 
the degree | of Bachelor of Arts in 1905 and the degree of Bachelor of Science oe 
in Civil Engineering in 1906. Tti is noteworthy that he completed the work 
Before leaving he had suceessfully passed civil se service examina- 
of the: Rapid Transit. Railroad Commission of. New York, 


une, 
1906, he began his | engineering | career with an assignment to. the pecan: 


Memoir prepared by the following Committee: Robert Ridgway, President, Am 
» Chairman, and Charles Gilman and Frederick C. Noble, Members, Am. ‘Soc, Cc. E. 
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character, but he met Lely sd enthusiasm and liking and — 
very quickly and completely. He had decided to specialize in compressed- 
tunneling, but no one could foresee that six years of political delay would 
elapse before the start of new river tunnels. | He was engaged at first in com- 
Pleting the construction ‘Tecords in in “connection with extra. claims, then, for 
time; in field charge o of a portion of the Fourth Avenue Subway : in Brooklyn, : 
‘ne Y., and, later, the new tunnels c coming : into prospect, he was assigned to a 


analysis: of: their stresses and parts, and compiled the results. The work was 


admirably done proved most st useful, besides giving Mr. Holland a 
recorded inform 


ta ‘entrusted with charge. His age was but there was no 
question as to his fitness. His responsibilities were afterward increased when 
contracts were let for the Willoughby Street, Fourteenth Street, and Sixtieth 
els, : making the contract value of work under his charge about 
000 000. With five double-tube ‘tunnels, of which four were subaqueous, 
in progress at ones, involving a vast amount of e engineering and official detail; 
frequent emergencies requiring him to visit widely separated points and 
vender quick, sure decisions at any time of the day or night, the situation would - 
have dismayed ar any but a man of great | courage, ambition, and « exceptional 
ability. In 1916 he was accorded the long desired title and emoluments of 
 Piiteion Engineer. _ The entire work was carried along according to the best 
precedents and without serious mishap. At the end of 
Tt, connection, in June, 1919, the amount and r range of Mr. Holland’s subaqueous- 


 famneling experience and his close relation to it, as well as his marked success : 


é 


in such work, p placed him uniquely in his chosen specialty. 


a rc, The New York State and New Jersey Interstate Bridge: and Tunnel Com- 
missions having been empowered by their ‘respective § State Legislatures to co- 


ving - operate in the construction of a vehicular tunnel under the Hudson River, 

satay and realizing, as the Commissioners express it in 1 their Annual Report, “that 

7? was of vital importance + to the project to s secure the highest degree of 

— Send chnical guidane develop and carry out this great engineering project”, 
‘ea. appointed Mr. ‘Holland as s their Chief E: Engineer, which office he ae J wad 


r a most careful - deliberation the Commission was unanimous in 


“tallies Mr. Clifford M. Holland of Brooklyn, New York, to accept its appoint- 
A “a ment as chief engineer. The New Jersey Hnterstete Bridge and Tunnel Com- 


aa mission participated in this action. 
securing Mr. Holland’s acceptance this position, the ‘Commission 


— L ich position he continued until 1 
of the Battery-Joralemon Street Tunnel, which | mc 
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tunnels the East. River. Mr ‘Holland 1 has had a greater and 
_—— successful experience in the work of subaqueous tunnel construction | 


n ‘Mr. Holland was given to solve involved a number features 


- technical ‘and personal qualifications rather than for political x reasons, and it és 
g greatly to the credit of the Commissioners that this right was accorded. Many Pe 


plans for construction | and traffic handling had been proposed and these were - 

carefully studied an and investigated. . The plan. finally _yecommended by. Mr. 
‘Holland will provide | a pair of. cast- iron tubes, shield- driven, each 

ft. 6 in. in outside diameter and accommodating two lines of traffic 


the same direction in each tube. The adoption of this plan, which is now 


being vindicated, cost the Chief Engineer a severe struggle in which he was 


obliged to defend his recommendation, with a all ‘the grit and resources at his © 


command, against the criticisms and rival plans brought forward by of other 


a To the question of ventilation of the tunnel after completion: Mr. 1 Holland 
e- gave a great deal of personal a attention, carrying out experiments in conjune- 
tion with the University of ‘Tilinois, Yale | University, and the United States Ps ; 


Bureau of Mines, and making frequent trips for that “purpose, as well as an 


ee 


examination of ventilation conditions in European. tunnels for vehicular traffic, 
These investigations and others ‘relating to design, power requirements, prob- 


= able : traffic and operating income, and other features, are fully described in his 
Annual | Reports, published by the Commissions, ‘and form an unusually fine 


| oh While Mr. Holland appeared to be generally i in vigorous health, it is prob- _ _ 
able that he suffered acutely at intervals during several years. ‘His sudden, 


q 


‘unexpected death occurred on October 27, 1924, at Battle Creek, ‘Mich., where 


| dn Mr. Holland was married d on November 5, 1908, ‘to Anna Coolidge Daven- 
port, of Watertown, Mass., who survives him, as do children, Anne, 


CO- At the time of his death Mr. Holland was a ‘member of the Board of 
Direction, which adopted the following resolution : bigvigh 


that “On October twenty- and ‘twenty-four, Clifford 
e of Milburn Holland, obedient to the call of the Divine. Providence, entered the : 


ect”, great ‘Beyond. His : friends and associates cherished. his memory. He was 
strong, active, and fearless in the right, kind and considerate . of all, a man 


4 


yt vi of attainment, of initiative, and of native ability. Young in yet ant “but old in 

accomplishment, he lived intensively, yet the joy of living was always his. 

is in ee . “Few, indeed, are endowed with the qualities of leadership, with | the 
oint- § ability which i inspires confidence and with the inborn knowledge of ‘men and 
as was he. future lay great before him. ‘past was one of 

in inspiration. His work stands as an enduring monument. 

ssion his fellow the Board of "Direstion. of the American 4 
nt ye : 4 Society of Civil Engineers assembled in meeting at Pittsburgh, Pennsylvania, i 
ite 0 


: on this first day of December, nineteen hundred and twenty- four, desire to | 
our ‘cone beyond th the power “of words to “express. 
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OF CLIFFORD MILBURN HOLLAND © [Memoirs. 
Society and the profession have sustained an inealeulable and inexpressible 
ete ‘mute and reverent silence we stand i in the - presence . of an inscrutable 
_ Providence. Yet in a measure we find our consolation in being the better 
and the richer because in the fullness of his life we knew him, and maa 7 
“Our sympathy goes out to to all he held dear and i it is 
"the desire of this Board of Direction, speaking for all the membership of the — 
Society, that this expression be entered’ upon its minutes, be printed in its” 


 zaeies and be, in suitable form, sent to the family of Clifford Milburn 


“He was active in the affairs of the Harvard Club of New York and the — 
Engineering Society. _ Following i is the minute passed by the Board 


apie “In the death of Clifford Milburn Holland, the Harvard Club of New 
York has lost a loyal. and earnest member. He took a deep interest in the _ 
- work of the Club, serving faithfully as a member of the Committee on Admis- _ 
sions and as a member of the Board of Managers. He was prominent in the 
Bey of the Harvard Engineering Society during the past twelve years, in — 
which time he held all of its. offices. He was equally interested in the new 
Harvard Engineering School, a member of its ‘Visiting | Committee, and 1 an 
to the undergraduate studying engineering. 


“He fought squarely and with all the energy at his ‘command for whatever | 
he deemed to be right. A loyal and unselfish friend he was always ready to 4 
io those who needed his assistance. Forceful and diplomatic, the benefit — 


of his counsel was sought by all. Acknowledged to be an authority in that — 
branch of engineering to which he had devoted his working life, his career 
_ was cut short at the moment of bringing to fruition the monumental work that — 
“In grateful recognition of his services to Harvard and to his fellow men, 
 we—the Board of Managers of the Harvard Club—spread 1 upon o our records 


meeting of the Harvard Engineering Society, held for memorial 
exercises, action wa was taken rename the engineering scholarship stipend { 
. established at Harvard by that Society, to ‘be known thereafter as the Clifford — 


M. Holland Memorial Aid in Engineering. resolution was, adopted, from 


death of Clifford Holla nd of ‘the Class. of 1906, The 
‘Harvard Engineering Society has lost one of its ‘most active and useful 
‘ members, loved and respected by all. He served the Harvard Engineering 
Society of New York as Treasurer in 1914- 15, Secretary in 1915-19, and Vice- | 
eu =a _ President i in 1919- 20, and The Harvard Engineering Society as Second Vice- - 
pi * President, 1920-21, and a as President, 1922-23, in all of which px positions he left 
a distinguished record. “He gave unstintingly of his time and strength in the e 
- discharge of his duties and his support and counsel were ever available i in the 7 
conduct of the affairs of the Society. He took a very active part in the con- — 
-solidation of the Association of Harvard Engineers, the Lawrence Scientific 
os Association, and the Harvard Engineering Society, of New York, which 
~ resulted i in the present strong National Society. He took a great interest i 
new Harvard Engineering Schoo] and, as Chairman of the Committee 
a; University Relations of the Society, directed the influence of the alumni — 


eration with and assistance to the School.” — i 


- ag on Mr. Holland was also a member of the American: in Association of Engineers 
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j ‘ORD MILBURN HOLLAND» 
to the Chief Engineer who g gave so much to make the 
a success, and as a lasting monument to his memory, the New York State and 


Fie 


the New Jersey Interstate Bridge and Tunnel Commissions, within a a short 


after his named the tunnel “The Holland 


‘executed according to the best standards, that 1 result being secured i in a manner 
that won him the vegeed, as well as the respect, of the contractors who executed 


the work, as witnessed by the following tribute: 


“The Executive Council of the General ¢ desires es to 


place on record, as a minute of this meeting, its expression of sorrow over 
the death of Clifford M. Holland, Chief Engineer of the Hudson Vehicular — 


_ “Mr. Holland possessed with his extraordinary ability as an engineer those 


qu qualities of tact, courtesy and fairness that won the respect and affection of 


those with whom he came in contact, socially or professionally, 
“Tn his death the community has lost a publie servant of tacotimabie a 
value; the engineering profession, a brilliant leader ; his intimates and associ- 


“As contractors, many of whom were ] privileged to come in. with 
: him, _we honor ourselves in paying this tribute to Clifford M. Holland, who — 
combined unswerving loyalty to his professional duty, with that spirit of 


honesty ‘that conceded even-handed justice in all his dealings.” | 
ri 


es Reaktion. of Sorrow and appreciation were a adopted by the New York a 
State and New Jersey Interstate Bridge and Tunnel Commissions, and by 
the Board of Transportation of New Y ork City. which had succeeded t to 
control of the rapid transit work with which Mr. Holland was formerly 


‘ni It was characteristic of him that, even when his professional burdens were | 
= 


the heaviest, he found — time to serve on committees of the Society and to 
= generously in its earnest sympathies and activities were 


~The loss. of ‘Clifford ‘Holland was: felt inconsolably_ by his many 


and to a ‘peculiarly ‘notable degree by | those whose acquaintance-— 


was slight. ‘His rare personal qualities, so ‘manifestly genuine, attracted 
_ friendship at once. In any gathering, his presence would be a buoyant, lively be af 


_ influence, or his absence would be noted and regretted. _ In every way he was _* 
human, sociable, likable. place i in many hearts will hardly be filled. 
The following verse is tribute. in memoriam ‘by Mrs. Marguerite 


Janvrin Adams, the wife of one of Mr. Holland’s classmates : 


“He is not dead who leaves on earth ‘ay 


beta’! elt [ 
words of praise that we find oF ak 
comrades’ lips. Each day will subtly bind fo 
Us closer to him, whose untiring will __ he 
Struggled thus valiantly and nobly ’til 
‘The task completed lay —to aid mankind. = 
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ae OF CHARLES WALTER LAWRENCE 
ond has made on ene complete 


To live beyond this little span of days 


“bite 
tte a nt 8 That we call life—at parting of the ways 


left a monument before our feet 
ith Ua At which we bow in reverence. Thus we 

eal So near in we can clasp his hand.” 


* 


nd eid 4 * 


Holland was elected an “Associate Member of the American Society | 


of Civil Engineers on October 29, 1912, a “Member on “April: 18, 1917, and 

as a Director from 1922 until his death 


Ae — 


ARLES WALTER LAWRENCE, M. Am. Soc. C. E+ 


. Diep APRIL 1, 1925. “he 


Charles Walter Lawrence, ‘the son of C. and Mary A. . Lawrence, of 


Claremont, Calif... born at Plain Grove, Lawrence County, 


State College, from 


graduated in 1897, with the degree of ‘Bachelor of ‘Science i in 


Civil | Engineering. He to his Alma Mater in 1904 to ‘reosive the ah 


“he In September, 1897, Mr. Lawrence was appointed Instructor i in Civil Engi- u 
’ neering at Pennsylvania State College, where he remained until June, 1899, -entei 


ata 
_ when he | accepted a position as Draftsman with the Pennsylvania Steel Com- the ( 


In October, 1901, he e entered the employ of the Brown- Ketchum I Tron Works, of er 
pe ented : 

at Indianapolis, Ind., s Structural Engineer on ‘the design of steel: building tion 

“and bridge work. In 1904, he returned to Pennsylvania State 
College as “Assistant Professor of Structural Engineering, which position he 
Bri ‘until September, 1906, v when he became Professor of Civil Engineering 

at the J ames ‘Milliken’ University, Decatur, Ill, which Department he estab- 7 
and directed until June, 1909. 4 His summer vacations from 1906 to 


1909 were ‘spent in practical work as Engineer with the Brown-Ketchum fn 


Wo rks, on steel design, as Designing Engineer with the Westlake Construction 
Company, St. Louis, Mo., and as Engineer with the American Bridge Company, ‘ 


Plant, on design and checking of details. hike 


Pe For fourteen years prior to his death, Professor Lawrence served as Pte 
of Civil Engineering and as of that Department at the University 
Southern California, Los “Angeles, Calif. was largely through his efforts 
that the Department was developed into one af the leading e engineering colleges 


ee! Professor Lawrence’ 8 early demise, the Engineering | Profession loses an 
‘ah and clear-headed thinker, and the community and the educational institu: 


ki tion which he served, an honest, public- spirited man, and an able teacher. 
tr, Memoir prep 
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Memoirs.) MEMOIR OF PAUL HOWES NORCROSS» 
To those of his many friends who came in contact with him, the vont, 


ia features of his character were his whole-souled and unselfish devotion to = : 


profession, his loyalty and friendship for those with whom he was 


ba " Professor Lawrence ¥ was a a Charter “Member and Vice- -President of the Los 


Angeles” Chapter of the American Association of Engineers, later becoming a a 
- member of its Board of Directors; a member of the Society for the Promotion 
Engineering Education ; and a member of of Chi Epsilon, the National 


He is survived by his widow and two sons, Harold Glover and Charles 


Professor Lawrence elected Associate Member of the American 
- Society of Civil Engineers on January 8, 1908, and a Member ond anuary 20, ; 


PAUL HOWES NORCROSS, M. ‘Soe. C. E.* 


Paul Howes Norcross was born in Atlanta, Ga., on. January 19, 1880, the 


Pron son of Dr. ‘Virgil C. and Fanny Howes Norcross, and» a grandson of 


Jonathan Norcross, the first I Mayor of Atlanta and one of its pioneer citizens, 7 


After: his preparatory education in the schools of Atlanta, Mr. Norcross 


the Georgia School of Techn ology and “was gradu ated, in 1902, with 7 
the degree of Textile Engineer. Immediately afterward, he spent about 


"months i in one of the large Southern cotton mills, but did not find this branch — 


of | engineering especially attractive to him _ Accordingly, he. obtained a posi- 
tion with the Carolina Bridge Company, of Burlington, N. C., first in the 


_ Drafting and Designing Department, but because of his sales ability, which 
‘oe even then apparent, he was soon transferred to the Co! ntract Department 


and, later, made Special Sales Representative, in charge of territory covering 


‘The Carolina Bridge Company ‘was later merged into the Virginia Bridge 
and Iron Company and Mr. Norcross continued with this organization, hav- 

ing been most successful in the promotion and sale of a large | number ¢ of high- 
way and railway bridges throughout the South, In 1905, he accepted a posi- 
tion with the Westinghouse, Church, Kerr and Company, in connection with 
the structural design of the Pennsylvania Station in. New York, After 
the completion of this work, he became a member of the Staff of Herbert | , 0 ; 
Reith, M. Am. Soc. C. E., Consulting Structural Engineer, on special ie ion 
desion for ‘the New York Central Railroad, in the electrified zone between 
Harmon, N. Y., and the Grand Central Station, New ‘York, 


1906, Mr. Norcross formed ¢ a partnership w with Gabriel R. . Solomon, 


Am, Soc. E., under the firm name of Solomon- Norcross. Company, with 
offices i in The firm engaged i in general consulting practice — 


% 


~_ 


; ed a prepared by 7 George W. Fuller, Frederick H. McDonald, and Gabriel R. Solomon, 7 
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"throughout the South, ‘covering all municipal and hydraulic work, a 
In 1910, a branch allie seni’ igen in Watervliet, N. Y., and Francis J. Keis, * 
Am. Soe, C. E., » was taken into the partnership, under the firm name of 

} 


Solomon, Norcross and Keis, on Northern work. Mr. Solomon retired from 
the organization, in 1918, on . being ‘commissioned an officer in 1 the: Army, and 


) 


ato. 


when Mr. ‘Keis retired. Mr. Norcross ‘continued 1 the Atlanta, Office, as a Con 
“sulting until the time of his death, ante moatya 


concentrated 0 on ‘and filtration projects, his having ‘ied 


"more than fifty municipalities on this particular type of work. | At the time 


q his death, he was: Consulting Engineer to to the City of Atlanta, where the 
$3 500 000 pumping and filtration plant was nearing completion, and was in 
charge of the design and suj supervision of the new $1 300 000 Ww water supply for 


_ Among the 1 many projects designed and superiors by. Mr, ‘Noreross and 


7 his: partners ‘might be mentioned: Water supplies at Prattville and Talladega, 
Ala.; ; DeFuniak Springs, 1] Milton, H: Haines City, Sebring, Fla.; Cartersville, 
Rome, Jefferson, , and Madison, Ga.; 3 Amory, Miss. ; ; Aiken, 
Ss. C.; and Cleveland and Morristown, Tenn.; also, special work for the Island 
Be -rmuda ; sewage plants at Lexington, Ky. and a of other 


Company, and Selma Electric Company; and flood- control work 
: At ‘the outbreak of the World ‘War, Mr. Norcross was appointed | as Super- a | 


ising at Camp Jackson, Columbia, S. C., and, on the gompletion of 


chased approximately 3 000 acres of land Government. * He was then 


the Water Branch of the Construction Division of the Army, in 
of Dabney H. Maury, M. Soc, = then Lieutenant-Colonel, and while 


on this work, was given many “assignments in connection with the water sup- 


- plies ¢ of the camps, cantonments, and Regular Army posts. ‘After the Armistice, a 
Norcross. to ‘Atlanta and, with Mr. Keis, continued his consulting 


time 

ae Among his last professional ceamvnsiiesseaie was that as a member of a group 7 ar 


of twenty-eight engineers constituting a Board of Review to pass on numerous z ya? 
aspects of the problems of the Sanitary District of Chicago, TH. ‘He served a 
Secretary of the Board and as a member of its Committees on Water Supply 7 pe: 


and o on Water Power. The unanimity and promptness with which the Board 

reported its findings and conclusions | on this many-sided proposition of unusual — Ww 

local, interstate, National, and international significance was due i innosmall # 


measure to the ability, tactfulness, and energy of Mr. Noreross. 
Mr. Norcross? activities outside his engineering ‘office were ramerous 


"varied. He had unusual social was at home i in any company 
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him to be sought on all occasions asa officer, his 


. dot For n many years he was ; active in the Atlanta Rotar 7 Club and served the 

as. President. In 1924, he had the distinction, unique for an 
of being: made P resident of the Atlanta Chamber of ‘Commeree, having served © 7 
‘that organization as Director, and as Chairman of a number of important com- 


imittees. He was also the Alumni Association of the 


- Mr. Norcross lost his" life, w ith twenty- two others, | when the steamer . H.E 
Norman, carrying ‘delegates of the First Annual Convention of the 
~ tion of Engineers of the Mid- I-South, sank in the Mississippi River south of 


Tenn. near -Kohoma Landing. His attendance at the Convention 


_ was: in performance of his duty as a Director of the Society in ‘aiding the con- 


‘sideration | of the formation of a Local Section. ~ His last speech was on the in 


fated NV orman, in the course of a river inspection tri rip forming part of the Con- 


vention program, during which he urged that the Engineering Profession 


‘should organize | so as to be of as much aid as practicable to young engineers. ae 


' 
was a Scottish Rite Mason, a “Shriner, and Elder in ‘the Fit 


Mr. Norcross “was” married, , in November, ° 1907, to Mattie I Holt, of 


tt 

Graham , N. ng, died in October, leaving daughter, 


— 


he had been elected on January a, 1925. 


— 

WILLIAM R ROTCH, M. Am, Soc. C. E 


‘William Rotch 1 was born at New Bedford, Mass, on J uly 2, 1844, ‘the eldes 
son. of William J. a 


came from ancestry. erat great: -great-grandfather, 


Roteh, already a successful shipowner, came to ‘New Bedford’ from 
4 


* Memoir prepared by Albert B. Drake, M. Am. Soc. C. 
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‘Nantucket, “Mass. 1768. Joseph Roteh and his sons, ‘William and Francis, 
found New ‘Bedford a farming town doing a little whaling off the ‘coast, and 
“by their en energy they established the ‘industry that made the town the oe 
whaling center of the world. x Fr ‘ancis Rotch built and owned the Dartmouth, 


15 | 


; _ the best known of the three ships of the Boston a, ea a Party”. William Rotch 


(1788 to 1828) ‘owned ‘the ship, Bedford, which first displayed the American 
in foreign waters in 1783. After the Revolution, he established the whale 
fishery, in France, but returned to the United States following the French 

- Revolution. With the decline of the whaling industry, the Rotchs turned their 


energies to cotton | manufacturing, we. At: various times Mr. Rotch’s father, 


William J. Rotch, was President and Director of most of the older New 
| 


Bedford mills. his mother’s side, Mr. was a 


| 
Rotch educated at Friends of New Bedford, 


ft 


: - and was graduated from Harvard University i in 1865, with the degree of A. B. 


“He then entered the Ecole Centrale des Arts et Manufactures, in 1 Paris , France, 


from which he was graduated i in 1869, ‘ninth in a class of 225, , with the degree 
Rotch began his professional | career in 1871 as Assistant Engineer of 
_ the Fall River, Mass., Water- Works, then i in course of construction, and served | 


eo Chief Engineer from 1874 to 1880, when the works \ were e completed. 7 ‘From 
Be 


‘aa Pacifie Railroad and the California Railroad 

Company, the lines: of the last two now forming ‘the western portion of 
main line’ of. the Santa | Fé System. From 1884 to | 1891, he was Consulting 


- Engineer of the Cleveland, Canton, and Southern Railroad Company, the 
_ Lakeside and Marblehead 1d Railroad Company, the New Bedford and Fall River | 
Company, and other railroad companies in Ohio « and Massachusetts. 
In 1881, , Governor Long of Massachusetts appointed Mr. Rotch as Engineer 
and Member of the. Commission which finally established the boundary 
between Massachusetts and Rhode ‘sland that had been i in dispute for more : 
‘than 250 years. He served o1 on ‘this ‘Commission until 1883. 
In 1894 and 1895 he was a member of the Re- Organization od bela of the 
Atchison, Topeka, and Santa Fé ‘Railway, and from 1895 to 1900, he served as 
a Divider of that road. “He was also a Director of the Mexican Central Rail 4 
_ way Company from 1880 t to 1900, and had charge of the first train which ran 
* from ‘Boston to the City of Mexico, in April, 1884. From 1886 to 1894, Mr. | 
~ Rotch was President of the Tremont Electric Lighting Company and the Con- | 


= solidated. Electric ‘Manufacturing Company, and a Director of its: 


the Walker Company, which Company instal ed ‘the electric plant 
in ‘the Waldorf-Astoria Hotel in New York, N.Y t electric 
lighting plant in America. 
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«Ito? — Rotch was an official in many Massachusetts eine, From 1913 

“to 1922, he was President of the Federal Wharf and Storage Company; from 

1918 to 1922, Vice-President of the State Wharf and Storage Company ; and 
1918 to 1922, President of the Fibre Manufacturing Company. was 


: also President of the Railroad Wharf and Storage Company, the Denbigh Min- © 
- ing Corporation, the Terrible Dunderberg Mining and Powder Company ; — 
President of the Bonanza Development ‘Company; Treasurer of the Broadway > 


PA 


Storage Company; Trustee and Treasurer of the Nonquitt Real Estate Trust; = 
Managing Director of the Rotch Travelling Scholarship, for Architects; ; and 
- Director of the Infants Hospital and the Adams Nervine Hospital. In 1870, 


“he was the first President of the Union for Good Works in New 


“4 "fe to t tet om i 


TRotch was President of the } Francaise of Boston and Cam- 
P 
Governor of the “Massachusetts Society of Colonial Wars an 


Honorary Member of the Boston Society of Architects ; a member « ‘of the Asso- 


des. ‘Anciens Eleves de Ecole ( Centrale of Paris, the Bostonian 


ciety, the Somerset and Harvard Clubs of Boston, and the Wamsutta Club 
of New Bedford. He was also a member of the Arlington Street (Unitarian) 
was married i in 1873 to Mary Rotch Eliot, who survives him, together 


three children, Edith Eliot, Charles Morente: and the wife of Dr. 


Mr. Rotch had both his, office for many years, 


ae spite of his eighty- -one years, he had been in excellent health and had attended 
Harvard-Yale Baseball Game June, 1925, at which he was: the oldest 
graduate present. Taken ill at his summer home at Nonquitt, -Mass., he 
fe taken to the hospital at New Bedford on June 25, where following an operation — 
a his condition was thought to be ‘improving until he ‘suffered a heart attack - 
which caused his death. Possessed of a wonderfully genial personality, Mr. 
I leaves a host of friends. doitiv 
sali Mr. -Rotch was connected with the American Society of Civil Engineers 


for fifty-two years, haying, been elected a Member on n March 5 1873. lob 


JOSEPH THOMPSON STUART, M. Am. Bee. 


‘Diep Fesruary 13, 1925. 


\ Si Pesipes Stuart was born a at Port Royal, Pa., on May 28, 1858, 
iu received his early education at the public schools in Allegheny, Pa. 
On August 4, 1881, he entered the employ of the Pennsylvania Railroad 

Company (Pittsburgh Division), as Chainman, but, in October, was trans-_ 
ferred to the Construction ‘Department. 
In 1886, Mr. Stuart was promoted to Engineer of Construc- 


- tion, in charge of change of line and the construction of a four- -track arch 


7 Memoir compiled from information bear by Joseph J. ‘J. Vogdes, M. Am. “Soc. Cc. B. 
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ridge at Brinton, Pa. by’ Pittsburgh Division. In 1 1887, thas 


the 33d Street Bridge and the extension the train-shed 


4 


ing line and the South Fork and Viaduct Bridges after the Johnstown flood. 


also rebuilt the Portage Tunnel at Gallitzin oiff lo 


ted In 1891, he had charge of the « change of line at Principio, Md., oo 

Washington, C., including the elimination of grade crossing for 
‘the Union Station. During this time he also rebuilt ‘the Ebensburg Branch 

of the Pennsylvania Railroad from 1 Cresson to to Kaylor, 


_ Broad Street Station at Philadelphia, Pa., and, in 1895 and 1896, of the 
Delaware Bridge. the Pennsylvania Railroad at Philadelphia, which h in- 


pe 


eluded the caisson work and superstructure. — During 1897 and 1898, the 


change of line’ at Bacon Hill and Northeast, ‘Ma, of the Philadelphia, Bal-_ 


_timore, ‘and Washington Railroad, was under his direction. 1899 and 


1900, he built the Bond Street Terminal ‘Warehouse and Pier at Baltimore, 


Md. in 1900 a and 1901, he constructed the Camden Terminal at Cam- 


Mr. “Stuart: was in of the elevation of the through Ches- 


‘ter, P from 1901 until 1903. August 1, 1903, he was appointed Engineer 
of Construction in charge of all construction work of the Pennsylvania Rail- 


Company between Philadelphia Wa shington, | D. “under the 
“supervision of the Chief Engineer. _ This included the building of the Wil- 
On January 31, 1904, he resigned position with the Pennsylvania 


Railroad Company and entered the contracting business with 


‘Brann. This. partnership afterward became Brann ‘and Stuart Company, 
Incorporated, of which Compan ny ‘Mr. Stuart was President at the time of his | 
death which took place at Dunedin, Fla., on February 13, 1925. 


ea He» was a member of the Engineers Club and the Union ‘League | of Phila-— 
delphia, the Scotch-Irish Society of Pennsylvania, the 
Club, and an Honorary Member of the ‘Philadelphia Lehigh ae 


aie Stuart was elected a Member of the American Society of Civil Ex 
pon May 410060000 


a 


a 


From 1892 to 1895, Mr. Stuart was in charge of the construction of 
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